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ADVERTISEMENT 

TO  THE  THIRD  EDITION. 


The  two  former  editions  of  this  work  were  based  upon  the  excellent 
Manual  of  Professor  Brande,  but  the  progress  of  chemical  science  has 
rendered  it  necessary  to  deviate  so  much  from  his  arrangement,  that  in  the 
present  edition  it  has  been  entirely  remodelled.  In  several  institutions, 
where  this  work  had  been  in  use  as  a  text  book,  it  became  necessary  to 
seek  for  some  other,  in  consequence  of  its  having  become  out  of  print. 

Several  editions  of  Dr  Turner's  Elements  of  Chemistry  having  ap- 
peared in  this  country,  under  the  able  supervision  of  a  gentleman  eminent 
for  his  scienii6c  attainments,  that  work  was  adopted  in  many  institutions. 
As  Dr  Turner's  work  was  not  so  practical  and  elementary  as  was 
desirable,  a  new  edition  of  it,  calculated  to  meet  the  wants  of  beginners, 
was  commenced  by  the  compiler  of  this,  but  was  subsequently  relinquished 
on  learniug  that  Professor  Bache  was  preparing  a  new  edition  of  the  former. 

In  August,  1838,  a  part  of  this  new  edition  was  published,  since  that 
time  no  more  of  it  has  appeared.  The  delay  was  attributed  to  the 
decease  of  the  author,  but  it  was  soon  after  announced  that  the  publication 
of  the  sixth  edition  of  the  Elements  would  be  continued  by  the  brother  of 
Dr  Turner  and  Professor  Liebig.  A  portion  of  their  joint  work  appeared 
in  London,  a  part  of  which  was  republished  in  this  country,  and  a  few 
pages  followed  in  England  on  organic  chemistry.  More  than  a  year  has 
elapsed  and  no  more  has  been  published.  Under  these  circumstances, 
and  at  the  repeated  request  of  gentlemen  connected  with  various  colleges, 
a  new  edition  of  this  Manual  was  commenced  and  has  been  completed,  in 
which  is  incorporated  much  of  the  most  important  elementary  part  of 
Turner  and  Liebigs  work. 

It  was  deemed  advisable  to  reduce  the  size  of  the  work,  and  to  embody 
more  practical  details  and  more  copious  experimental  illustrations,  than 
are  generally  given  in  the  larger  works. 

This  edition  has  therefore  been  compiled  from  the  volumes  of  Turner, 
Brande,  Faraday,  Liebig,  Thomson,  and  others,  and  as  an  introduction 
to  them,  with  no  more  alteration  than  was  required  to  preserve  uniformity 
and  connexion.*    The  frequent  references  and  designation  of  the  writers' 


*  Numerous  errors  (probably  of  the  press)  id  the  English  edition  of  Turner  and  Liebig's  work 
hart  been  corrected. 
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names  by  the  initial  letters,  will  enable  those  who  are  desirous  of  studying 
the  subjects  more  in  detail  to  turn  to  the  originals. 

Chemical  formulae  have  been  largely  employed  in  the  present  edition  : 
those  of  Turner  and  Liebig,  so  far  as  they  have  been  used  in  the  three 
parts  of  the  sixth  English  edition  of  Turner  s  Elements  that  have  appeared. 

Dr  Thomson's  recent  volume,*  the  most  complete  treatise  on  Organic 
Chemistry  which  we  have  in  the  English  language,  has  been  made  the  basis 
of  the  division  to  which  it  relates.  In  that  work  the  author  has,  with  vast 
labour,  collected  and  embodied  the  materials  that  have  been  for  several 
years  accumulating  from  the  labours  of  the  French  and  German  chemists, 
and  which  are  scattered  through  so  many  of  their  works  and  journals. 
Although  in  Organic  Chemistry  the  arrangement  of  Dr  Thomson  has 
been,  for  the  most  part,  followed,  it  has  not  been  rigidly  adhered  to,  as  it 
promised  more  advantage  to  the  beginner  to  connect  the  description  of 
some  substances  more  immediately  with  the  bodies  affording  them. 

As  but  a  very  limited  portion  of  time  is  given  to  the  department  of  what 
has  been  usually  called  Animal  Chemistry,  in  most  institutions  and 
courses  of  lectures,  it  was  concluded  that  a  very  concise  chapter  would 
answer  the  purpose.  Many  of  the  facts  also  that  have  usually  been 
arranged  in  that  division,  are  previously  alluded  to  in  the  preceding 
chapters.  It  was  therefore  thought  that  the  account  of  animal  substances 
in  the  text  book  of  Dr  Iieid,  of  Edinburgh,  with  some  additions,  would 
be  sufficient. 

In  regard  to  chemical  analysis  its  details  have  now  become  so  extended, 
that  they  require  a  distinct  work,  and  as  those  who  intend  to  prosecute 
them  must  very  much  rely  upon  their  familiar  acquaintance  with  chemical 
science,  and  refer  to  the  treatises  particularly  devoted  to  this  depart- 
ment, what  related  to  that  subject  in  former  editions  has  been  omitted. 
No  one  who  intends  to  prosecute  chemical  analysis  will  fail  to  consult  the 
ample  details  of  Rose,  Berzelius,  Faraday,  Dumas,  and  the  various 
Journals  and  Transactions  in  which  the  original  analyses  and  papers  have 
appeared. 

Electricity  and  Electro-Magnetism,  are  now  most  usually  discussed 
in  collegiate  courses  of  instruction  in  the  department  of  Mechanical  Phi- 


The  description  of  complicated  apparatus  has  been  avoided,  as  such  is 
seldom  attainable  by  the  pupil  and  not  necessary  for  elementary  study. 
So  also  has  it  been  thought  sufficient  to  refer,  for  abstruse  points  of  theory, 
and  description  of  complicated  processes,  to  original  papers,  to  which 
those  who  zealously  undertake  the  study  of  chemistry  will  necessarily 
have  recourse.  The  full  descriptions  of  processes  in  the  Chemical  Arts, 
given  by  Dr  Ure  in  his  lately  published  Dictionary  of  Arts  and  Manu- 
factures, have  rendered  it  unnecessary  to  retain  many  in  the  present 
edition  of  this  work. 

Copious  tables  of  chemical  formula;  and  of  atomic  weights,  which  had 
been  prepared,  have  been  omitted,  as  it  was  found  that  their  insertion 


*  Chemistry  of  Organic  Bodies.   London:  1638.  pp.1076. 
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would  have  materially  increased  the  size  and  expense  of  the  volume,  and 
such  are  at  hand  in  the  larger  works  on  the  science. 

To  the  gentlemen  who  have  aided  the  progress  of  the  work,  by  public 
documents,  valuable  suggestions,  or  written  communications,  the  compiler 
would  express  his  obligations,  especially  to  the  Honorable  John  Quincy 
Adams,  R.  M.  Patterson,  Esq.,  of  the  U.  S.  Mint,  Professor  Silliman, 
A.  A.  Hayes,  Esq.,  Drs  C.  T.  Jackson  and  S.  L.  Dana,  as  also  to 
Francis  Peabody,  Esq.,  of  Salem,  for  his  usual  liberality  in  allowing 
several  new  instruments,  from  his  richly  appointed  laboratory,  to  be  copied 
and  described. 

In  accordance  with  a  better  taste  which  prevails  among  the  scientific 
men  of  Europe,  all  titles  have  been  omitted,  it  being  deemed  sufficient 
that  the  names  quoted  are  considered  as  authorities. 

Harvard  University,  Cambridge,  1839. 


Note — All  the  articles  of  apparatus  figured  in  this  work  aro  now  manufactured  or  fur- 
nobed  by  N.  B  Chamberlain,  Philosophical  Instrument  Maker,  School-street,  Uoston.  The 
apparatus  is  beautifully  made  by  the  New-England  Glass  Company,  and  Electro-Mag- 
netic Apparatus  by  Daniel  "Davis,  J  i  Cornhill,  Boston. 


NOTE. 

The  letter  D.  refers  to  Davy's  Elements  of  Chemical  Philosophy 
II.     "        Henry's  Chemistry. 
U.     44        Urc's  Dictionary  of  Chemistry. 
M.     44        Murray's  System  of  do. 
T.     4*        Turner  s  1st  and  2d  part. 
Tr5  14  41        Elements,  5th  edition. 

T.  and  L.  refer  to  Turner  and  Liebig's  continuation. 
T.  in  chap.  ix.  refers  to  Thomson's  Organic  Chemistry. 
B.  u        Hrande's  Manual. 

F.  "        Faraday's  Chemical  Manipulation. 
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Description  of  Frontispiece. 

Figs.  1  and  2  ropresent  a  modification  of  tho  Argand  lamp,  contrived  by  DrC.  T.  Jack 
M)ii(  and  which  he  has  called  oxvalcohol  nnd  air  blast  lamp. 

Fig.  1.  A,  reservoir  for  m  ohol  containing  10  oz.  measures ;  B,  eon nccting  tube  from 
re*enoir  to  burner  ;  C,  burner  containing  the  elevator  and  blow-pipe  ;  D.  blast  tube  for  oxy- 
gen or  air  from  the  bellow*  or  gasometer  ;  c  c,  inner  cylinder  or  blow-pipe,  expanded  to  a 
trumpet  form  at  top,  where  the  opening  may  be  regulated  by  turning  the  screw  /  /,  so  as  to 

bring  it  nearer  or  farther  from  the  interior  lip  of  the  elevator,/ /,  the  space  ought  to  bo 
inch,    g  g.  wick  elevated  by  means  of  a  spir.il  groove  in  the  elevator,  / /,  and  the  outer 
cylinder,  A  A,  which  had  a  slit  and  points  to  move  it  by  turning  the  chimney-holder,  i  i. 
A  A,  chimney  made  of  mica  and  supported  by  two  copper  rings  and  strips,  see  Fig.  "J. 

Fig.  '2.  The  lamp  ready  for  work.  A,  reservoir  ;  11,  burner  ;  C,  blast  tube  connected 
with  the  gasometer  or  bellows  pipe,  and  controlled  by  a  cock  in  order  to  shut  oti'or  let  on 
the  blast  at  pleasure  ;  E, crucible  of  platina  on  a  stand  ring  and  support  fix*  d  by  the  clamps 
e  and/;  g,  screw  for  fixing  the  lamp  at  any  required  height  on  iho  rod  or  stand  ;  A,  brass 
retort  ring  for  larger  vessels  used  to  support  a  retort,  or  for  evaporations,  digestions,  &c. 

Fig.  3.  Copper  frame  for  n  mica  chimney.  Tho  mica  being  rolled  it  is  inserted  so  that 
the  lapping  edges  come  under  one  of  the.  copper  strips,  A  A.  When  tho  ends  of  the  copper 
strips  are  bent  down  and  pn-ss.  d  tight  so  as  to  secure  the  mica  in  place  :  one  frame  will 
out!  attt  many  mica  chimneys. 

Fig.  4.  i",  india-rubber  cloth  bag  and  weight  j,  for  oxygen  gas,  when  a  gasometer  is  not 
at  baud. 

When  tho  Limp  is  to  be  used,  the  reservoir  is  charged  with  alcohol  at  00°  strength,  and 
if  oxygen  gas  in  to  be  employed,  a  little  "  spirit  gas  may  be  added,  but  good  alcohol  is 
preferable  The  cup  is  unscrewed  from  the  bottom  of  ihe  burner  and  tin;  lower  orifice 
closed  by  a  good  cork.  The  blast  tube  is  raised  or  depressed  as  required  to  produce  the 
best  effect  on  tiie  flame.  The  platinum  crucible  is  heated  to  full  redness  by  the  natural 
curre.it  of  air  ;  then,  having  raised  the  wick,  on  urging  a  blast  by  means  uf  bellows,  a  very 
intense  heat  will  be  obtained. 

This  lamp  is  very  powerful  when  used  with  oil  nnd  a  blast  of  hot  air,  the  air  being 
heated  in  a  copper  tube  over  a  charcoal  tire  in  a  wire  grate;  all  the  smoke;  is  consumed. 
With  this  lamp  a  piece  of  lime  or  magnesia  may  be  as  intensely  ignited  as  in  Druuunond'B 
apparatus  ('251 ). 

By  throwing  a  current  of oxvgen  gas  outside  the  flame,  n  more  perfect  combustion  of  oil 
takes  place,  but  the  wick  will  then  require  to  be  elevated  by  means  of  a  rack  and  pinion. 
The  outside  current  is,  however,  not  wanted,  a  sullk  iently  high  temperature  for  most  pur- 
poses being  obtained  without  it. 

These  lamps  are  manufactured  by  Hooper  and  Blake,  Boston. 

Fig.  ">,  represents  an  air  pump  constructed  by  Chamberlain,  of  Boston,  for  Harvard  College. 
The  internal  length  of  the  barrel  is  13  inches,  and  the  diameter  4  inches.  The  piston  rod 
passes  through  an  air-tight  collar,  the  upper  part  of  which  is  concave,  to  receive  oil,  and  into 
which  the  oil  that  is  thrown  out  when  the  piston  is  elevated,  is  conveyed  by  a  small  bent  tube 
passing  out  of  the  upper  flange  over  the.  upper  valve.  The  lower  valve  is  formed  by  b*  small 
holts  covered  with  leather,  and  there  is  a  similar  valve  in  the  upper  flange  opening  upwards. 
By  this  arrangement  the  atmospheric  pressure  is  cut  off,  and  after  the  first  stroke  by  which 
the  air  above  the  piston  is  removed,  the  pump  can  be  worked  with  gn  at  case  ami  rapidity. 
Within  the  receiver  on  the  pump-plate,  is  represented  a  section  of  an  improved  method  of 
exposing  water  to  sulphuric  acid  The  glass  dish  has  an  opening  in  its  centre,  on 

tin-  eh  \ated  edgo  of  which  tin'  small  dish  containing  the  water  is  securely  supported. 
Fig  6*  and  &  represents  tho  arrangement  for  covering  the  water  with  a  brass  plate,  (see  ncto 
page  I'Af,)  while  the  exhaustion  is  making,  'ihe  plalo  is  then  raised  by  means  of  the  roil 
winch  passes  through  an  air-tight  cap,  and  the  water  freezes. 
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Description  of  Frontispiece. 


The  piston  is  constructed  of  two  plates  of  brass  and  one  piece  of  leather ;  the  lower 

1>late  being  of  tho  same  diameter  as  the  barrel,  the  upper  plate  is  small  enough  to  admit  tho 
eathcr  turning  up  between  it  and  the  barrel  ;  tho  whole  piston  is  only  ouo  half 
or  five  eighths  of  an  inch  thick.    Fig.  G  is  an  enlarged  section  of  the  barrel  and  piston 
of  the  pump. 

Fig.  7,  represents  De  Luc's  electrical  columns,  consisting  of  many  hundred  discs  of  sil- 
ver-leaf and  tbin  dines  of  zinc,  alternating  with  writing  paper,  or  silvered  paper  and  zinc, 
or  silvered  paper  and  oxide  of  manganese,  so  arranged  within  the  vertical  and  parallel  glass 
tubes,  that  the  dissimilar  metals  are  in  contact,  and  each  pair  thus  formed,  is  separated  by 
the  paper.  The  tubes  are  terminated  by  small  bells  in  metallic  connexion  with  the  upper 
discs.  The  series  commences  with  sifver  in  one  tubo  and  is  terminated  by  zinc,  or  the 
other  metal  employed,  while,  in  the  other  tube,  the  order  of  the  discs  is  reversed.  A  deli- 
cate metallic  clapper  sjispended  between  the  columns,  on  a  glass  support,  will  be  attracted 
and  ropelled.    See  page  1)2. 

Fig.  1),  is  a  representation  of  Clarke's  electro-magnetic  machine.  A,  horse-shoe  magnets 
confined  to  the  uprght  support  by  a  clamp  and  screw.  B  is  tho  armature,  with 
coils  of  silked  copper  wire,  which  revolves  in  front  of  the  poles  of  the  magnets,  mo- 
tion being  communicated  by  the  wheel  C,  which  is  turned  by  the  hand.  D  11,  brake-pie- 
ces. The  terminations  of  the  coils  are  soldered  to  a  brass  cylinder,  being  insulated 
by  a  piece  of  hard  wood  attached  to  the  brass  stem.  0  O,  iron  wire  springs  pressing 
against  tho  cylinder  F,  at  one  end.  Q.  U,  a  motal  spring  that  rubs  upon  tho  Brake-piece 
H.  T,  a  bent  copper  wire  connecting  brass  straps,  on  the  block  L  Thus  E,  Ii,  li, 
P,  N,  are  in  connexion  with  the  commencements  of  each  coil,  and  F,  O,  M,  with  the  ter- 
minations. 

Fig.  JO  shows  the  arrangement  for  decomposing  water  by  means  of  the  above.  Water  is 
placed  in  a  glass  tube  B,  in  a  glass  vessel  A,  through  the  bottom  of  which  tho  platinum 
wires  pass.  To  the  glass  vessel  a  brass  cup  is  attached,  from  which  proceed  stout  wires 
passing  into  holes  in  the  brass  straps  on  M  and  N.  The  wire  H  rubs  on  the  break-piece 
H.  When  tho  armature  is  made  to  revolve  the  decomposition  of  the  water  takes  place. 
For  a  more  particular  description  see  Clarke's  account  of  tho  instrument,  Arc.  in  Amcr. 
Jour.  vol.  xxx.  100. 

Fig.  II  represents  a  new  self-registering  thermometer,  which  was  exhibited  at  the  last 
meeting  of  the  British  Association.  A  is  a  glass  tube  filled  with  pure  spirit  of  wine.  13  is 
a  continuation  of  the  same,  but  much  smaller,  which  is  to  bo  about  half  full  of  quicksilver 
to  support  the  spirit  in  the  long  tube.  I'pon  the  quicksilver  at  G,  is  a  tloat  supporting 
the  wire  C,  which  wire  has  a  kneo  or  bend  in  it,  with  a  small  eve,  which  runs  upon  the 
fixed  wire  D,  carrying  an  index  or  pointer;  E  is  the  scale  which  must  be  made  experi- 
mentally. If  any  change  takes  place  in  the  bulk  of  tho  spirit,  the  quicksilver  is  also  af- 
fected, and  with  the  silver  the  ivory  float  (i,  carrying  the  index  or  pointer,  which  shows  at 
once  the  degree  of  temperature  upon  the  scalo ;  this  is  the  simple  action  of  the  thermome- 
ter- To  make  it  register,  the  two  light  indexes  or  pointers  F,  move  upon  the  wire  I),  their 
own  friction  keeping  them  wherever  they  arc  placed.  To  set  it,  the  pointer  F,  below  the 
thermometer's  index,  must  be  pushed  closo  up  to  it,  and  the  pointer  F,  abovo,  pushed  down 
it  ;  and  it  is  evident  that  if  any  change  of  temperature  takes  place,  the  thermometer's  in- 
dex will  move  the  registering  index  cither  abovo  or  below,  and  leave  it  there,  thereby 
showing  the  extreme  rise  and  fall  of  the  thermometer  in  any  given  time.  The  action 
of  the  air  upon  the  quicksilver  is  also  provided  against.    Eighth  Rep.  Brit.  Assoc.  Ib39. 
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Plate  I.    Ajtparatm  for  the  Solidification  of  Carbonic  Ariii 

Fig.  I.  A.   A  cylinder  of  wrought  iron,  23  inches  in  length,  4  in  diameter,  terminated  by 
tut  iron  hemispheres;  supported  by  two  gudgeons  on  an  iron  frame,  upon  winch  it  revolves. 
d   A  copper  tut*  closed  at  bottom,  for  holding  acid. 

D.  The  same    j.  brass  hook  for  removing  the  acid  holder. 

Fig  2.   B  Cylinder  of  wrought  iron  to  receive  the  gas.    Of  the  same  size  as  A. 
A.  A  small  tub*  passing  down  to  within  a  short  distance  from  the  bottom,  up  which  the  liquc- 
■•d  fas  is  forced  by  the  pressure  of  the  gas  above. 

E.  A  brass  liox.  4  inches  in  diameter  4  in  depth,  to  receive  the  solidified  gas. 

•  The  same  without  the  cover,  shewing  the  interior ;  the  horizontal  pipe,  (the  mouth  of  which 
)i  also  seen  in  E,  under  the  upper  clamp  by  which  and  the  one  below,  the  cover  is  confined  when 
i  »•  tax  is  used,)  tils  upon  a  short  jet  3.  The  centre  of  each  part  of  the  box  is  pierced  with  several 
small  holes  communicating  with  the  wooden  handles,  which  are  hollow  and  open  to  allow  of  the 
»<*f  c  of  the  expanding  gas.  In  front  of  the  inner  mouth  of  the  horizontal  pipe  is  a  short  curved 
ilipoi  sheet  brass  for  the  purpose  of  preventing  ihe  solidified  gns  being  loo  rapidly  driven  out 
sf  the  handles. 

/.  A  coj  per  pipe  16  inches  in  length  nnd  *,  inch  in  diameter,  terminated  by  connecting  pieces, 
by  means  ot  which  the  two  iron  cylinders  can  be  connected,  for  the  transfer  of  the  gas. 

f-  A  hold  fast  of  iron  with  a  small  projection  that  fits  into  the  hole  VV  in  fig.  1.  By  this  the 
quoder  can  be  secured  from  turning  when  the  plug  or  valve  is  opened. 

A.  A  wrench  for  turning  the  plug. 

t.  Small  brass  wrench  for  turning  the  steel  screw  of  the  valve-plugs  in  the  upper  parts  of  the 
»)JiiHler»  A.  B. 

m-  A  vessel  of  zinc,  holding  the  quantity  of  water  required  for  each  charge. 

b.  A  fuonel  of  zinc  for  introducing  the  carlionute  of  soda  into  the  cylinder  A. 

Fig  3-  Section  of  one  of  the  connecting  screws  and  pipe;  the  small  projecting  part  on  the 
4aaj<  of  the  pipe  fits  into  the  outlet  of  the  screws  of  the  vnku  plui;s  I  and  2. 

The  cylinder  A  may  be  called  the  (iensrator.  B  the  lica-irrr.  The  materials  employed  for 
fch  charge  of  the  Generator,  are,  Bicarbonate  of  Soda  in  powder  2J  lbs.  ;  Water  at  luu°  C\ 
•I*. ,  Sulphuric  acid  1  lb.  7±oz. 

Th«  valve  plugs  are  of  bras*  and  alike,  but  a  section  of  one  only  is  represented  (in  Fig.  I.  A.) 
with  a  double  cone  of  steel,  which  is  accurately  ground  to  Us  seal ;  the  stem  i>  cut  into  a  fine 
screw  and  posses  through  the  upper  part  of  the  valve-plug,  it  is  screwed  up  or  down  by  means 
°i  tin  wrench  i  having  a  square  hole  into  which  the  square  end  of  the  stem  fits.  It  will  be 
that  when  the  cone  is  screwed  up  there  is  an  outlet  for  any  gas  from  the  cylinder  through 
•sthoruootaJ  branch  of  the  valve-plug,  ami  when  it  is  screwed  down  the  passage  is  closed. 
Tt«  opemn?  under  the  cone,  through  the  lower  part  of  the  valve-plug,  is  one  tenth  of  an  inch 
Jameter.  When  the  cone  is  screwed  up  no  gas  can  escape  afore  it,  as  the  upper  part  is  also  well 
grand  to  a  conical  cavity. 

T>  rSargv  the  generator.  Unscrew  the  valve  plug  and  remove  it  from  the  end  of  the  cylinder  ; 
through  the  funnel  n  pour  in  the  soda  salt ;  add  the  warm  water,  remove  the  funnel,  and  with  a 
M*dt  stir  the  salt  and  water,  breaking  down  any  lumps.  Poor  the  sulphuric  acid  into  the  copj>cr 
•ciJ  tto.der  D.  and  with  the  hook.;  introduce  it  into  the  generator.  Remove  the  hook  and  having 
awfully  cleaned  nil  the  screws  with  a  tooth  brush  (not  with  a  cloth)  and  oiled  them,  screw  in 
taw  valve  plug  making  it  secure  by  the  aid  of  ihe  wrencii  and  holdfast.  Screw  down  the  steel 
fa!***  firmly.  Turn  the  generator  and  cause  it  to  revolve  several  limes,  that  the  acid  may  be 
Drown  upon  the  soda  j  repeat  this  and  occasionally  allow  the  cylinder  to  remain  with  the  valve 
downward.  Let  the  generator  remain  5  or  10  minutes  in  the  position  represented  in  the  plate, 
ratd  the  gas  has  disengaged  itself  and  collected  in  the  upper  part  of  the  cylinder.  Having  pre- 
noQ*Jy  cooled  the  receiver  in  iced  water  (in  which  it  should  be  immersed  up  to  the  vnlve)  coti- 
arct  it  wiili  one  end  of  the  pipe/  securing  the  screw  with  a  wrench.  Connect  the  other  end  of 
the  pipe  with  the  valvo  plug  of  Fig.  2.  B  also  very  firmly.  Open  the  steel  valve  of  the  receiver 
by  tcrewing  it  up  entirely— then,  slowly,  and  partially,  open  that  of  the  generator.  The  gas 
will  prus  over  and  in  about  two  minutes  the  pressure  will  be  equalized,  no  more  gns  then  past- 
in*  ;  close  ihe  steel  valve  of  ihe  receiver  and  thru  that  of  the  generator.  Disconnect  the  Kcn- 
evatwr.  open  the  valve  to  allow  the  remaining  gas  to  escape,  having  a  vessel  ready  to  receive  the 
h.uul  u^ich  soou  follows.  When  no  more  liquid  passes  out,  remove  the  valve-plug,  place  it  In 
•  haiin  of  clear  water ;  and  having  liffcstl  out  the  acid  holder,  pour  out  the  sulphate  of  soaa 
ni  wash  oat  the  intuit  of  the  generator  with  waier.    Repeat  the  charges  in  the  same  manner 
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as  long  as  any  gas  is  heard,  to  pass  from  the  Generator  to  the  receiver.  Nine  charges  I  have 
usually  found  sufficient,  which,  if  well  manned,  will  completely  fill  the  box  E  with  solid  gas 
several  times. 

To  obtain  the  solid.  Marine;  previously  cooled  the  box  in  ice,  wipe  it  dry  and  secure  the  top 
on  vviih  the  damp«.  Screw  llie  coupling  and  short  jet  (3)  upon  the  valve  plus  (as  represented  I ) 
of  the  Receiver.  Place  the  receiver  between  the  knees,  nnd  the  box  upon  tho  jet.  Open  the 
sleel  valve,  slowly,  until  a  white  vapour  issues  from  the  handles  of  the  box;  gradually  enlarge 
tho  opening,  and  when  the  brass  box  has  become  thickly  covered  with  the  condensed  and  frozen 
vapour  of  the  apartment,  the  farther  escape  of  the  gas  may  be  stopped  by  closing  the  valve.  On 
removing  the  box  and  opening  it,  the  while  solid  acid  wilfbe  found  within. 

The  greatest  tare  is  necessary  to  avoid  introducing  any  dirt,  fibres  of  wood,  cloth,  &c.  into 
the  vessels,  as  they  are  liable  to'bo  forced  under  the  valves  and  iuto  the  small  tubes  aud  thus 
defeat  the  process. 


Plate  II. 

Figs.  1  and  2  represent  a  method  of  washing  precipitates  :  which  will  be  often  found  use 
ful.  Uy  this  arrangement  n  column  of  pure  water  can  bo  made  continually  to  pass  through  a 
powder  or  precipitate.  A  flask,  or  bottle  o,  fig.  2,  is  filled  with  water  and  is  closed  by  a  cork, 
having  a  "lass  tube  of  the  shape,  fig.  l,  passed  through  it.  This  tube  may  be  about  four  inches 
in  length  and  half  an  inch  in  diameter.  When  the  flask  or  bottle  is  inverted  as  in  fig.  9  a,  the 
water  will  ran  <Wt  only  till  the  air  within  it  is  expanded  to  a  certain  degree,  the  capillarity 
of  the  tube  u  fig.  1,  not  allowing  the  escape  of  any  water  into  the  air.  Hut  if  the  lube  a  is 
plunged  into  a  liquid,  the  water  from  the  flask  or  bottle  will  (low  into  the  liquid.  As  the  air  ex- 
pands the  water  is  forced  down  the  tube  '/  and  a  bubble  of  air  passes  from  d  through  b  and  as- 
cends into  the  bottle.  A  correpondimr  quantity  of  water  is  forced  down,  and  every  successive 
bulilile  of  air  has  the  same  effect.  This  water  flow8  out  at  the  point  a.  and  if  that  j>oinl  is  dip- 
ped into  a  liquid  contained  in  a  funnel,  the  b- vol  of  the  water  in  the  latter  is  kept  at  the  same* 
point,  as  tor  example  at  the  line  r,  fig.  I.  Fig.  2  exhibits  the  arrangement,  with  a  vessel  below  to 
receive  the  filtered  liquid. 

Fig.  3,  4.  5.  Gnhn's  cylinder  holder  for  flanks,  cylinders,  jars,  &c.  5  represents  the  principal 
portion  of  this  apparatus  (seen  from  above).  Fig.  4,  exhibits  the  same  in  profile.  The  instru- 
ment is  made  of  wood.  A  slit  jth  of  an  inch  deep  is  made  in  the  block  at  a  b,  and  in  this  slit  a 
Strong  band  or  riblnm  of  the  same  width,  is  placed,  the  end  of  it  being  secured  by  n  thick  edge 
or  seam  down  the  side  b.  The  end  of  this  baud  is  then  carried  round  from  a,  in  the  direction 
A  h  <i  i  K  and  through  the  slit  mfffi  hito  the  conical  hole  C,  where  it  is  fastened  in 

another  slit  A-  i,  cut  in  the  conical  peg  D.  The  band  is  wound  up  round  the  conical  peg  and  lixed, 
when  necessary,  by  pressing  the  pes  into  the  conical  hole.  The  band  can  be  loosened  by  slack- 
ening the  conical  peg.  If  a  glass  cylinder  as  G  (fig.  5)  is  placed  in  the  triangular  opening  h  i  it 
can  be  held  fast  or  let  loose  at  pleasure.  The  other  part  of  this  apparatus  consists  of  a  frame 
(fig.  3)  I  H  M,  which  can  be  screwed  to  the  side  of  a  pneumatic  trough  by  the  screw  at  M.  The 
upright  ro  l  I>  is  cylindrical,  the  arm  I  square  and  adapted  to  the  square  hole  F  in  fig.  4.  The 
screws  N  and  K  permit  any  required  adjustment. 

Pig.  6  represents  a  convenient  apparatus  for  condensing  vapours,  a  b,  A  tube  of  tin  2  incho* 
wide  17  inches  long,  c,  A  leaden  pipe  passing  nlnn«j  inside  to  within  an  inch  of  each  extremity  of 
the  tin  tube,  it  is  open  at  the  lower  end,  but  passes  through  the  wide  tube  near  the  top  termi- 
nating in  a  funnel,  e,  A  pipe  entering  the  upper  side  of  the  larger  tube,  close  to  where  the  other 
pipe  passes  out.  and  hanging  down  an  inch  or  two  below  the  wide  tuho.  This  short  tube  is  open 
at  both  ends.  A  glass  tube.  2">  inches  in  lencrlh,  is  placed  into  the  tin  tube  through  corks  at  a 
and  6  which  fit  the  latter  and  prevent  the  passage  of  water.  The  glass  tube  should  be  somewhat 
tapering,  about  an  inch  wide  at  the  upper  end  and  rather  less  than  half  an  inch  at  the  lower  end. 
The  upper  end  should  be  bordered  or  have  a  rim,  so  as  to  permit  the  insertion  of  a  cork.  Water 
poured  into  the  funnel  d  can  only  escape  after  traversing  the  tube  at  c  and  thus  the  glass  tube  can 
be  kept  surrounded  by  cold  water. 

Fig.  7.  Cooper's  mercurial  receiver.  (/  d,  The  receiver  to  be  filled  with  mercury  ;  a  basin  is 
placed  below  the  mouth  to  receive  what  may  be  displaced  by  the  gas  as  it  passes  in  from  the 
flask  ri. 

Fig.  d  represents  Sefl'slroem's  support,  made  entirely  of  wood.  The  pieces  can  be  adjusted  by 
means  of  the  st  rews,  to  trrasp  a  vessel  or  tube  and  support  it  nt  any  desired  htnght  or  nnL'le. 

Fig.  0.  I Jarr'a  a/tjiarat us  for  exploding  htfdrosrcn  aud  chlorinr.  A  flask  is  half  filled  with 
chlorine  and  trnnslerred  to  the  pan  P  with  its  orifice  over  that  of  a  pipe  communicating  with  the 
roi  k  C  and  flexible  pij>c  extending  to  a  sell-regulating  reservoir  (big.  120,  page  123)  of  hydro- 
gen. The  fl.isk  is  surrounded  with  a  cylinder  of  wire  gauze.  Just  before  the  explosion  is  de- 
sired hydrogen  is  admitted  to  displace  the  water  left  in  the  flask.  The  pan  should  contain  water 
sufficient  to  cover  the  mouth  of  the  flask.  A  mirror  is  used  to  reflect  the  solar  rays  upon  the 
flask.    See  Amcr.  Jour.  xxix.  243. 
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Pago  10.  Line  17,  for  "  syBtem  "  read  i 
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"  50.  After  «  176,"  insert  7. 

»  50.  Before  "A  curious  "  insert  8. 
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MANUAL  OF  CHEMISTRY. 


CHAPTER  I. 

OF  THE  POWER8  AND  PROPERTIES  OP  MATTER  AND  OF  THE 
GENERAL  LAWS  OF  CHEMICAL  CHANGES. 

1.  It  is  the  object  of  Chemistry  to  investigate  all  changes  in  the  object  of 
constitution  of  matter,  whether  effected  by  heat,  mixture  or  other  chemistry, 
means.* 

Most  of  the  substances  belonging  to  our  globe  are  constantly  un- 
dergoing alterations  in  sensible  qualities,  and  one  variety  of  matter 
becomes  as  it  were  transmuted  into  another.  Such  changes, 
whether  natural  or  artificial,  whether  slowly  or  Tapidly  performed, 
are  called  chemical. t  The  ends  of  this  branch  of  knowledge  are  the 
application  of  natural  substances  to  new  uses,  for  increasing  the 
comforts  and  enjoyments  of  man,  and  the  demonstration  of  the  order, 
harmony,  and  intelligent  design  of  the  system  of  the  earth. 

2.  The  foundations  of  chemical  philosophy  are  observation,  expe-  Poanda. 
riment,  and  analogy.  By  observation,  facts  are  distinctly  andtions. 
minutely  impressed  on  the  mind.  By  analogy,  similar  facts  are 
connected.  By  experiment,  new  facts  are  discovered;  and  in  the 
progression  of  knowledge,  observation,  guided  by  analogy,  leads  to 
experiment,  and  analogy,  confirmed  by  experiment,  becomes  scientific 
truth.    D.  1 , 2. 

*  The  word  Chemistry  seems  to  be  of  Egyptian  origin,  and  to  hare  been  originally        o(  ^ 


t  to  our  phrase  natural  philosophy  in  its  most  extensive  sense.  In  process  of  XEm. 
it  seems  to  hare  acquired  a  more  limited  signification,  and  to  have  been  confined 
to  the  art  of  ■working  metal*.  In  the  third  century,  we  find  it  used  in  a  much  more 
limited  sense,  signifying  the  art  of  making  gold  and  silver.  Those  who  professed 
this  art  gradually  assumed  the  form  of  a  sect,  under  the  name  of  Alchemists ;  a  term 
which  is  supposed  to  be  merely  the  word  chemist,  with  the  Arabian  article  al  prefixed. 
The  great  object  of  the  alchemists  was  to  find  out  the  means  of  converting  the  baser 
metals  to  gold,  and  the  grand  instrument  by  which  this  was  to  be  effected  was  the 
philosopher's  stone.    T.  i.  19. 

t  Chemistry  is  the  science  which  treats  of  those  events  and  changes  in  natural  bo- 
dies, which  arc  not  accompanied  by  sensible  motions.   T-  i.  18. 
It  is  the  object  of  Chemistrv  to  discover  and  explain  the  changes  of  composition  that 
tar  among  the  integrant  and  constituent  parts  of  different  bodies.    H.  i.  12. 
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3.  In  the  present  state  of  our  knowledge,  it  will  be  most  conve- 
Arrange-    nient  to  begin  the  study  of  chemistry  with  the  discussions  relating  to 
meat.       tne  general  powers  or  properties  of  matter,  and  afterwards  to  proceed 
to  the  examination  of  individual  substances,  and  to  the  phenomena 
which  they  offer  when  presented  to  each  other  under  circumstances 
favorable  to  the  exertion  of  their  mutual  chemical  agencies. 

The  powers  and  properties  of  matter,  connected  with  chemical 
changes,  maybe  considered  under  the  heads  of  1,  Attraction;  2, 
Heat;  3,  Electricity;  4,  Light. 


Section  I.  Attraction. 

Attraction      4.  All  bodies  composing  the  material  system  of  the  universe  have 
at  sensible  a  mutual  tendency  to  approach  each  other.    The  operation  of  this 
dmanccs.  force  extends  to  the  remotest  pnrts  of  the  »planetary  system.  The 
smaller  bodies,  that  are  under  our  more  immediate  observation,  are 
influenced  by  the  same  power,  and  fall  to  the  earth's  surface,  when 
not  prevented  by  the  interference  of  other  forces.    From  these  facts 
the  existence  of  a  property  has  been  inferred,  which  has  been  called 
attraction,  or  more  specifically,  the  attraction  of  gravitation.  Its 
nature  is  entirely  unknown  to  us.    The  attraction  between  these 
bodies  takes  place  at  sensible  distances  :  it  exists  in  all  known  forms 
of  matter  ;  and  it  acts  upon  them  directly  as  the  mass,  and  inversely 
as  the  square  of  the  distance. 
Weight.        5.  The  force  required  to  separate  a  body  from  the  surface  of  the 

earth,  or  prevent  it  from  descending  towards  it,  is  called  its  weight. 
Particles  of    6.  Of  the  nature  of  the  particles  of  which  bodies  are  com  posed, 
bodita.      we  nave  no  satisfactory  evidence.    In  simple  bodies  they  must  be  all 
of  the  same  nature,  or  homogeneous.    In  compound  bodies,  we  un- 
derstand by  the  term  particles,  the  smallest  parts  into  which  bodies 
Atoma.      can  be  resolved  without  decomposition.    The  word  atom0  denotes 
both  these  kinds  of  particles.    When  two  atoms  of  different  kinds 
unite  to  form  a  third  or  compound  atom,  we  may  term  the  two  first 
component  atoms  ;  and  if  these  have  not  been  decomposed,  they  may 
be  called  elementary  or  primary  atoms.  H.  l,  28. 
SSSEm"    7*      e  altractwn  exerte(i  between  these  minute  particles,  or  atoms, 
*  m  on-  when  they  are  placed  in  apparent  contact,  and  which  is  effective  only 
at  insensible  distances,  has  been  called  contiguous  attraction,  and  has 
been  distinguished  as  it  is  exerted  between  particles  of  matter  of  the 
same  kind,  or  between  particles  of  a  different  kind.    When  the  par- 
ticles of  the  same  kind  are  united  to  form  an  aggregate  or  mass,  they 
are  sometimes  said  to  be  united  by  the  affinity  of  aggregation,  the 
cohesive  affinity,  or  cohesion. 
Effects  of      8.  This  attraction  preserves  the  form,  and  modifies  the  texture  of 
aUnseaai'  8°lids,  gives  a  spherical  figure  to  fluids,  causes  the  adhesion  of  sur- 
bledistan-  faces,  and  influences  the  mechanical  characters  of  bodies.    Its  force 
is  exerted  with  the  greatest  intensity  in  solids  ;t  in  liquids  it  acts  with 
much  less  energy  ;  and  in  aeriform  bodies  it  is  doubtful  if  it  exists  at 

*  Prom  o  prirative,  and  iFfivf  tv  \0  cut. 

t  The  force  of  cohesion  in  solids  is  measured  by  the  weight  necessary  to  break  them, 
or  rather  to  pull  them  asunder. 
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all.    Of  this,  water  offers  a  good  example  in  its  different  states  of  Sect,  i. 
ice,  water,  and  steam. 

9.  To  cohesion  is  owing  the  spherical  form  which  liquids  assume,  its  effects 
when  suffered  to  form  drops  ;  as  also  their  property  of  remaining  in  liquid*, 
heaped  above  the  brims  of  the  vessels  that  contain  them.    The  force 

of  cohesion  varies  in  different  liquids  and  hence  the  size  of  their 
drops  must  vary. 

10.  When  attraction  operates  upon  dissimilar  particles,  and  pro-  Heteroge- 
duces  their  union,  it  gives  rise  to  new  and  infinitely  varied  produc-  "^emical 
tions.    It  is  this  kind  of  attraction  which  is  distinguished  as  hetero-  attraction. 
v neons  ;  it  is  also  called  chemical  attraction,  or  affinity. 

11.  The  results  of  attraction,  as  relating  to  the  texture  and  forms  Remit*, 
of  matter,  are  influenced  by  the  circumstances  under  which  it  has 
taken  place.  Sometimes  the  particles  are,  as  it  were  indiscriminately 
collected  ;  and  at  others  they  are  beautifully  arranged,  giving  rise 

to  regular  and  determinate  figures. 

12.  The  regular  polyhedral  solids  thus  resulting  from  the  influence  Crystals, 
of  attraction  upon  certain  kinds  of  matter,  are  usually  called  crystals;* 

tad  the  bodies  are  said  to  be  susceptible  of  crystallization. 

13.  To  enable  the  particles  of  bodies  to  assume  that  regular  form  Conditions 
which  crystals  exhibit,  they  must  have  freedom  of  motion  ;  and  ac-  feBK{" 
cordingly  the  first  step  towards  obtaining  a  bod v  in  its  crystulline  general, 
form,  is  usually  to  confer  upon  it  either  the  liquid  or  aeriform  state. 

This  is  effected  by  solution,  or  by  exposure  to  heat. 

14.  The  term  solution,  is  applied  to  a  very  extensive  class  of  phe-  Solution, 
nomena.    When  a  solid  disappears  in  a  liquid,  we  have  an  example 

of  solution.  The  expression  is  applied  both  to  the  act  of  combina- 
tion, and  to  the  result  of  the  process.  Solution  is  always  the  result 
of  an  attraction  or  affinity-,  between  the  fluid  and  the  solid  which  is 
acted  upon,  feeble  it  is  true,  yet  sufficient  in  force  to  overcome  the 
cohesion  of  the  solid.  The  affinity  continues  to  act  until  at  length  a 
certain  point  is  attained,  where  the  affinity  of  the  solid  and  fluid  for 
each  other  is  overbalanced  by  the  cohesion  of  the  solid,  and  the  solu- 
tion cannot  be  carried  farther.  This  point  is  called  saturation,  and  Saturanou. 
the  fluid  obtained  is  termed  a  saturated  solution. 

15.  The  particles  of  the  solid  may  be  regarded  as  disposed  at  regular  How  the 
distances  throughout  the  fluid  ;  and  if  the  quantity  of  solvent  be  con-  particles 
sderable,  the  particles  will  be  too  far  aaunder  to  exert  reciprocal  JJJJ"" 
attraction  ;  in  other  words,  they  will  be  more  powerfully  attracted 

Ly  the  solvent  than  by  each  other.  If  we  now  slowly  get  rid  of  a 
portion  of  the  solvent,  the  solid  particles  will  gradually  approach 
each  other,  and  they  will  aggregate  according  to  certain  laws,  pro- 
ducing a  regular  form. 

16.  There  are  two  other  great  and  general  objects  to  be  gained  by f^"Jb' 
solution,  which  render  it  a  process  of  constant  occurrence  in  the  la-  ,0iuUon. 
boratory.  The  first  is  that  of  preparing  substances  for  the  exertion  of 
<-h*tnical  action.    The  second  is  that  of  separating  one  substance 

from  another  ;  this  being  continually  effected  by  the  use  of  such 
fluids  aa  have  a  solvent  power  over  one  or  more  of  the  substances 


•  From  KoioiaUos,  Ice. 
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chap.  I.   present.    Water  is  the  great  solvent  whose  aid  is  first  to  be  called 
in  ;  others  are  to  be  resorted  lo  only  when  that  is  insufficient.  So 
general  and  important  is  its  use,  that  in  speaking  simply  of  the  solu- 
bility of  a  body,  water  is  always  understood  to  be  referred  to.* 
Evapora-       17.  To  recover  a  salt  from  its  solution,  if  its  solubility  does  not  vary 
titm.         with  the  temperature  of  the  solvent,  as  in  the  instance  of  common 
salt,  it  is  necessary  to  expel  a  portion  of  the  fluid  by  heat.  This 
The  figure  constitutes  the  process  of  etaporationA    The  regularity  of  the  figure 
influenced  (12)  obtained  will  be  influenced  by  the  rapidity  of  the  evaporation  ; 
oTefapora-    tne  Process  D€  slowly  conducted,  the  particles  unite  with  great  re- 
tion.        gularity  ;  if  hurried,  the  crystals  are  irregular  and  confused.  In 
common  cases  the  evaporation  may  be  continued  till  a  pellicle  forms 
Time  for    uPon  tne  surface  of  the  solution.    The  formation  of  a  superficial 
stopping    pellicle  is  the  common  criterion  of  the  fitness  of  a  solution  for  crys- 
"apSraUon".  la^'2at'on  •  Dut  where  the  object  is  to  obtain  very  regular  and  very 
large  crystals,  the  evaporation  must  be  much  slower,  and  carried  to 
much  less  extent  ;  even  spontaneous  evaporation,  or  that  which 
takes  place  at  common  temperatures,  must  be  resorted  to. 
Crystals  There  are  certain  bodies  which  may  be  dissolved  or  liquefied 

formed  by  by  heat,  and  during  slow  cooling,  may  be  made  lo  crystallize.  This 
fusion.      is  the  case  with  many  of  the  metals,  with  spermaceti,  sulphur,  &c. 

Some  other  substances,  when  heated,  readily  assume  the  state  of 
vapour  or  are  sublimed,  and  during  condensation,  present  regular 
crystalline  forms  ;  such  as  iodine,  benzoic  acid,  camphor,  &c. :  and 
crystals  of  snow  are  produced  by  the  condensation  and  cooling  of 
aqueous  vapour. 

Crystalli-      19-  Some  substances  are  so  easily  decomposed  by  heat,  and  at 

zation  of    the  same  time  retain  water  with  such  avidity,  that  it  is  impossible  ta 

whosecom-  crystallize  them  by  any  of  the  above  processes  ;  in  these  cases  crys- 

positionia  tallization  may  sometimes  be  effected  by  placing  the  solution  under 
feeble.  

how  *  The  solubility  of  a  body  may  be  tried  by  suspending  a  piece  of  it  in  a  glass  of  clean 
'  undisturbed  water;  if  it  be  soluble  a  descending  current  will  be  seen  to  fall  from  it, 
and  be  visible  upon  looking  through  the  water  horizontally.  If  it  fall  rapidly  and  in 
dense  stria;,  it  will  indicate  rapid  solubility,  and  the  formation  of  a  dense  solution  ;  if 
it  fall  in  a  very  narrow  stream,  it  will  indicate  only  moderate  or  slight  solubility;  and 
by  its  descending  rapidly  or  in  a  slow  broad  stream,  or  by  resting  about  the  substance, 
a  judgment  may  be  made  of  the  comparative  density  of  the  solution  produced.  If  no 
descending  current  appear,  nor  any  fluid  round  tbe  substance  of  a  refractive  power  or 
colour  different  to  that  of  the  water,  then  the  body  must  be  very  nearly  if  not  quite  inso- 
luble at  common  temperatures. 

If  tbe  substance  appear  to  be  insoluble,  or  if  it  1*  necessary  to  know  whether  it  be 
soluble  in  alcohol,  ether,  nils,  or  any  other  body,  for  the  purpose  of  selecting  a  solvent 
from  among  them,  a  portion  should  be  pulverized  finely,  and  introduced  iuto  a  small 
tube  with  a  little  of  tne  fluid  to  be  tried,  and  heated  ;  if  the  substance  disappear,  it  is 
of  course  soluble.  But  if  it  be  supposed  to  be  a  mixed  body,  and  partly  soluble, 
though  not  altogether  so,  then  the  presumed  solution  should  be  poured  from  the  tube 
into  an  earthenware  or  phuinum  capsule,  and  evaporated  carefully  and  slowly;  if  any 
substance  remain,  it  of  course  indicates  a  degree  of  solubility.  F.  168. 
A  solution  saturated  when  cold,  may  be  often  obtained  much  more  speedily  by  the 
k«M  ajd  ¥  nest> 09  '')"  hoilmg  the  substance  with  water,  leaving  it  to  cool,  and  aAerwarda 
i„.  filtering  it,  when  a  saturated  solution  will  be  at  once  obtained.  If  the  solution  while 
eooling  deposits  auy  portion  of  the  solid,  it  proves  the  saturation,  if  it  does  not,  there 
is  reason  to  doubt  it,  and  heat  with  more  of  the  solid  substance  in  powder  should 
again  be  applied.  The  solution  may  also  be  tested  while  hot  by  dippinginto  it  a  glasa 
rod,  and  thus  transferring  a  drop  to  a  cold  glass  plate  ;  if  crystals  or  solid  substance 
appear  in  a  few  moments,  tbe  solution  will  be  saturated  when  cold.  Sometimes  thU 
effect  will  not  take  place  until  the  drop  is  stirred,   r . 

t  Performed  in  shallow  vessels  exposing  a  large  surface  of  the  liquid. 
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the  receiver  of  an  air-pump,  over  the  surface  of  sulphuric  acid,  and    Sect  I. 
exhausting-  the  air  ;  the  acid,  by  absorbing  the  vapour  as  it  rises, 
causes  lapid  evaporation. 

20.  In  the  act  of  separating  from  the  water  in  which  they  wereWawrof 
dissolved,  the  crystals  of  almost  all  salts  carry  with  them  a  quantity  ^*lalliza" 
of  water.    It  is  termed  their  water  of  crystallization,  the  quantity  of 

which  is  very  variable  in  different  saline  bodies,  but  it  is  uniform  in 
the  same  salt. 

21.  The  hardness,  brilliancy,  and  transparency  of  crystals,  often 
depend  upon  their  containing  this  water,  which  sometimes  exists  in 
them  in  large  quantities.  Thus,  sulphate  of  soda,  in  the  state  of 
crystals,  contains  more  than  half  its  weight.  Gypsum,  in  its  crys- 
tallized form,  contains  about  20  per  cent,  of  water,  which  it  loses  at  a 
red  heat,  and  the  crystals  crumble  down  into  the  white  powder  called 
Plaster  of  Paris.  Some  salts  part  with  it  by  simple  exposure  to  dry  Pfflsws  A 
iir,  when  they  are  said  to  effloresce  ;  but  there  are  other  salts  which  jj*j£*J~ 
deliquesce,  or  attract  water  from  the  atmosphere.*  c«nce. 

22.  The  water  of  crystallization  is  retained  by  a  very  feeble  affi- 
nity, as  is  proved  by  the  facility  with  which  such  water  is  separated 
from  the  saline  matter  by  a  moderate  heat,  or  by  exposure  to  the 
vacuum  of  an  air-pump  at  common  temperatures.  A  portion  of  the 
water  is  sometimes  retained  with  such  obstinacy,  that  it  cannot  be 
expelled  by  a  temperature  short  of  that  at  which  the  salt  is  to- 
tally decomposed.  This  water  is  considered  to  act  the  part  of  a  Ba»ic 
base,  and  is  called  basic  water.  From  the  observations  of  Gra-leT* 
ham.t  the  water  thus  retained  does  not  always  appear  to  act  this 
part,  but  to  be  in  a  peculiar  state  of  combination.  This  he  calls  con- 
stitutional water ;  being  that  which  is  essential  to  the  existence  of  Constitu- 
the  salt.  It  differs  from  basic  water,  by  not  being  removed  even  by 
the  most  powerful  alkalies,  but  is  readily  removed,  and  its  place  as- 
sumed, by  certain  anhydrous  salts.  The  character  of  water  in  these 
different  states  of  combination  will  be  understood  from  the  following 
eiample.  Crystals  of  phosphate  of  soda  are  composed  of  1  propor- 
tion phosphoric  acid,  2  soda,  and  25  water.    At  the  temperature  of 

212°,  24  proportions  of  the  water  are  expelled  ;  but  the  25th  propor- 
tion is  retained,  and  a  red  heat  is  required  for  its  complete  separation. 
By  the  loss  of  the  24  proportions  the  crystalline  form  and  texture  of 
the  salt  are  destroyed,  but  the  residual  mass  has 'a!  I  the  properties  of 
the  common  phosphate  ;  whereas,  by  the  loss  of  the  25th  proportion, 
an  entirely  different  salt,  the  pyrophosphate  of  soda,  is  produced. 

23.  In  some  cases  the  proportion  of  water  is  removed  by  an  equi-  Water  re- 
valent  of  any  base  that  supplies  its  place  in  the  compound  ;  in  others  movcd- 

it  is  not  affected  by  bases,  but  may  be  removed  by  certain  anhydrous 
sails  which  occupy  its  place,  and  give  rise  to  the  formation  of  double 
•tits.  The  former,  as  acting  the  part  of  a  base,  is  the  basic  water; 
the  latter,  as  influencing  the  constitution  of  a  salt,  is  the  constitu- 
tional water. 

2L  The  difference  is  denoted  in  symbols,  by  writing  the  basic  Denoted  by 

 .  symbols. 

•  Tho*e  crystals  which  effloresce  by  exposure  to  a»r,  may  « (ten  b«  conveniently  pre- 
»erT«d,  by  slightly  oiliuj?  their  surface*.  The  best  method  i»  to  soak  the  crystals  in 
ad  Inr  a  lew  hours,  and  then  to  wipe  them  and  put  them  up  in  bottle*. 

t  PkU.  Trans.  Edm.,  an.  2U7. 
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chap.  L  water,  as  is  the  case  with  all  bases,  on  the  left  side  of  the  acid  with 
which  it  is  combined,  and  the  constitutional  water  on  the  right. 
Hence  the  symbol  of  the  crystals  of  phosphate  of  soda  is  2NaO. 
HO.  F05+24Aq. 

Decrepita-      25.  Salts,  in  crystallizing,  frequently  enclose  mechanically  within 

t>°n.  tnejr  texture  particles  of  water,  by  the  expansion  of  which,  when 
heated,  the  salt  is  burst  with  a  crackling  noise  into  smaller  frag- 
ments. This  phenomenon  is  called  decrepitation.  Those  crystals 
in  which  the  water  of  crystallization  is  so  abundant,  as  to  liquefy 

Watery  fu-  l^em  wnen  'ls  temperature  is  raised,  are  sometimes  said  to  undergo 

•ion.         the  watery  fusion. 

Crystal-        26.  Some  salts,  in  consequence  probably  of  their  strong  attraction 
1,za,,on      for  the  water  that  retains  them  in  solution/cannot  be  brought  to  crys- 
promot      ta]iize  jn  the  ordinary  way.    In  such  cases,  crystallization  may  be 
effected  by  the  addition  of  substances  having  a  strong  affinity  for  wa- 
ter, by  which  its  attraction  for  the  dissolved  matters  is  weakened ; 
thus  alcohol,  added  to  certain  aqueous  saline  solutions,  (as  solution 
of  nitre,)  produces  a  separation  of  crystals,  but  they  are  generally 
small  and  indistinct. 
By  ana-       27.  Crystallization  is  accelerated  by  introducing  into  the  solution 
cl*us-       a  nucleus,  or  solid  body,  upon  which  the  process  begins  ;  and  manu- 
facturers often  avail  themselves  of  this  circumstance.    Thus  we  see 
sugar-candy  crystallized  upon  strings,  and  verdigris  upon  sticks. 
There  are  cases  in  which  it  is  particularly  advantageous  to  put  a  few 
crystals  of  the  dissolved  salt  into  the  solution,  which  soon  cause  a 
crop  of  fresh  crystals.    In  some  instances,  if  there  be  two  salts  in 
solution,  that  will  most  readily  separate  of  which  the  crystals  have 
been  introduced. 

Method  of      23.  By  placing  a  crystal  of  the  same  nature  in  a  saturated  solu- 

perfect08    l'on  °^  a  8a^  an(*  turnm£  'l  daily,  so  that  the  different  sides  shall 
crystals.     ke  successively  exposed  to  the  liquid,  very  large  and  perfect  crystals 
may  be  obtained. 

29.  When  two  salts  of  different  solubilities  are  present  in  the 
same  solution,  they  often  may  be  sepurated  by  crystallization,  that 
which  is  least  soluble  constituting  the  earlier  crop  of  crystals. 
Crystal-        30.  Sometimes  crystallization  is  not  effectual  for  the  separation  of 
liitcd  by    sa,ls-    When  the  sulphates  of  iron  and  copper  are  in  solution  toqe- 
circum-      ther,  crystals  will  be  obtained  resembling  those  of  sulphate  of  iron, 
stances,     but  with  very  variable  proportions  of  sulphate  of  copper  in  them,  the 
latter  salt  being  at  limes  present  in  great  quantity  ;  on  other  occa- 
sions triple  salts  are  formed-  F.  2:4. 
By  pres-        31.  The  pressure  of  the  atmosphere  has  been  said  to  have  consi- 
derable influence  on  crystallization.    Thus  a  concentrated  solution 
of  sulphate  of  soda  (Glauber's  sail),  excluded  from  the  air  while  hot, 
d.H:s  not  crystallize  on  cooling;  but  will  generally  crystallize  when 
the  air  is  admitted.*  The  theory  of  this  phenomenon  is  not  very  ap- 


*The  best  method  of  exhibiting  this,  is  to  place  several  pounds  of  Glauber's  salt  in 
a  suitaMc  vessel,  and  to  pour  upon  it  two  parts  of  water  to  three  o(  salt;  boil  it,  and 
while  hot  strain  the  solution  through  a  coarso  rlolh,  into  a  tall,  wide,  thin  glass  jar, 
previously  wanned  ;  oTer  the  mouth  of  the  jar  a  piece  of  wet  bladder  is  to  he  securely 
tied,  and  the  whole  lc!t  to  cool.  When  quite  cold,  a  puncture  of  the  bladder  with  the 
point  of  a  knife  will  often  he  followed  by  crystallization  of  the  salt— if  it  should  not 
commence,  the  introduction  of  a  fragment  ot  the  salt  will  be  required.   The  tempera- 
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parent.  It  docs  not  depend  upon  atmospheric  pressure,  for  the  Sccui. 
solution  may  be  cooled  in  open  vessels,  without  becoming  solid,  pro- 
vided its  surface  be  covered  with  a  thin  film  of  oil ;  and  Turner 
succeeded  with  the  some  experiment  without  the  use  of  oil,  by  caus- 
ing the  air  of  the  vessel  to  communicate  with  the  atmosphere  by 
means  of  a  narrow  tube.  It  appears  from  some  experiments  of 
Graham,*  that  the  influence  of  the  air  may  be  ascribed  to  its  uniting 
chemically  with  water  ;  for  he  has  proved  that  gases  which  are  more 
freely  absorbed  than  atmospheric  air,  act  more  rapidly  in  producing 
crystallization. 

32.  The  presence  of  light  also  influences  the  process  of  crystalli-  By  light, 
zation.    Thus  we  see  the  crystals  collected  in  camphor  bottles  in 
druggists'  windows  always  most  copious  upon  the  surface  exposed  to 

light ;  and  if  we  place  a  solution  of  nitre  in  a  room  which  has  the 
light  admitted  only  through  a  small  hole  in  the  window  shutter, 
crystals  will  form  most  abundantly  upon  the  side  of  the  basin  most 
exposed  to  the  aperture  through  which  the  light  enters,  and  often  the 
whole  mass  of  crystals  will  turn  towards  it.  Many  saline  solutions 
form  arborescent  crystalline  pellicles,  when  left  to  spontaneous  eva- 
poration, which  slowly  travel  up  the  sides  of  the  basin,  and  gradually 
proceed  down  upon  the  outside  it  this  process  also  always  begins  on 
the  side  nearest  the  light,  and  is  often  confined  to  it. 

33.  It  is  commonly  observed,  that  crystallized  bodies  nfTect  one  A""^ 
form  in  preference  to  others.    The  fluor  spar  of  Derbyshire  crystal-  rather  than 
lues  in  cubes  :  so  does  common  salt.    Nitre  assumes  the  form  of  a  Mother. 
9ii-?ided  prism,  and  sulphate  of  magnesia  that  of  a  four-sided  prism. 

These  forms  are  liable  to  vary.  Fluor  spar  and  salt  crystallize 
sometimes  in  the  form  of  octohedrons  ;  and  there  are  so  many  forms  of 
carbonate  of  lime,  that  it  is  difficult  to  select  that  which  most  com- 
monly occurs. 

34.  Rome  de  Lisle  referred  these  variations  of  form  to  certain  Primitive 
truncations  of  an  invariable  primitive  nucleus;  and  Gahn  afterwards  nuclel* 
observed,  that  when  a  piece  of  colcareous  spar  was  carefully  broken, 

all  its  particles  were  of  a  rhomboidal  figure.  This  induced  Bergman 
to  suspect  the  existence  of  a  primitive  nucleus  in  all  crystallized  bo- 
dies, t  This  subject  was  more  extensively  prosecuted  by  Haiiy. 
He  determined  the  primary  forms  of  minerals,  and  showed  how  sec- 
ondary forms  could  be  derived  from  them  by  simple  laws  of  decre- 
roent.5 

35.  Hauy  obtained  his  primary  forms  by  mechanical  division  :  Haoy's 
thus  by  the  skilful  division  of  a  six-sided  prism  of  calcareous  spar,  he  j^,"™ 
reduced  it  to  a  rhomb,  precisely  resembling  that  which  is  known 
under  the  name  of  Iceland  crystal.    Other  forms  of  calcareous  spar 

were  subjected  to  the  same  operation  ;  and,  however  different  at  the 
outset,  finally  agreed  in  yielding,  as  the  last  product,  a  rhomboidal  solid. 


tore  of  the  lar  will  rise  daring  the  change  from  the  fluid  to  the  solid  slate.  If  a  glo- 
Ujlar  eessef,  as  a  matrass,  is  employed,  it  will  often  be  broken  doring  the  crystallize- 
tie*.  The  crystallization  will  often  take  place  on  slight  agitation  without  the  access 
of  air. 

•PhU.  Trana.  Edin.  1828.   Sea  also  N.  Edin.  Jour.  xiii.  309. 

tThu  may  be  pre  rented  |rv  smearing  the  edge  of  the  vessel  with  oil. 

t  Piy:  and  Chem.  E»my,  Vol.  II.  p.  I.      §  7Va»>  de  Min,  Paris ;  1801. 


/ 

Digitized  by  Google 


8 


Attraction—  Crystallization. 


Danielle 
method. 


Wollaa- 
ton's  theo- 
ry- 


Fig.  7. 


It  was  discovered  also  by  Haiiy,  that  if  we  take  a  crystal  of  another 
kind  (the  cubic  tin  or  spar,  Derbyshire  spar,  for  instance,)  the  nucleus 
obtained  by  its  mechanical  division,  will  have  a  different  figure,  viz. 
an  octohedron.* 

36.  A  method  of  developing  the  structure  of  crystals,  has  been 
described  by  Daniell.t  It  consists  in  exposing  any  moderately 
soluble  salt  to  the  slow  and  regu- 
lated action  of  a  solvent.  Thus  if  a 
lump  of  alum  is  placed  in  water,  after 
some  days,  octohedrons  and  sections  of 
octohedrons  will  be  seen  in  relief  upon 
its  lower  part.  (Fig.  7.)  The  crystal- 
line forms  of  metals  may  be  in  a  similar 
manner  developed  by  immersion  in  di-/ 
lute  acids. 

37.  From  the  imperfect  explanation  of  many  of  the  appearances  of 
crystals,  afforded  by  the  theory  of  Haiiy,  Wollaston  proposed  to 
consider  the  primitive  particles  as  spheres',  which,  by  mutual  attrac- 
tion, have  assumed  that  arrangement  which  brings  them  as  near  as 
possible  to  each  other.  By  the  due  application  of  spheres  to  each 
other,  he  has  shown  that  a  variety  of  crystalline  forms  may  be  pro- 
duced.t 


♦The  primary  forms  of  Hu<ty  are  reducible  to  six;  the  parallclopjped,  fig.  1,  which 
includes  the  rune,  the  rhomb,  and  all  the  solids  which  are  terminated  hy  six  faces, 
parallel  two  and  two ;  the  tetrahedron,  fig.  2 ;  the  octohedron,  fig.  3 ;  the  regular  hexahe- 


Fi?.  l. 


Fig.  2. 


Y\t.  3. 


dral  prism,  fig.  4  ;  the  dodecahedron  with  equal  and  similar  rhoml»oidal  planes,  fig.  5  ; 
and  the  dodecahedron  with  triangular  planes, fig.  6. 


Fig.  4. 


Ft*.  5. 


Fig.  6. 


< 
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The  instruments  used  for  mennnrintj  the  angles  at  which  the  planes  of  crystals  meet. 

or  incline  to  each  other,  are  called  goniometers.    For  the  description  of  these  and  the 
method  of  using  them  see  Clcaveland's  Mineralogy,  chap.  2d.  (edit.  1822  )  Brooke'a 
Crystallography,  p.  25. 
t  Jour \  of  Sei.  ami  Arts,  I.  24. 

t  Philos.  Trans.  1S13,  p.  51.  Other  and  very  different  views  of  the  subject  of  pri- 
mitive forms,  have  been  taken  by  Brooke,  Mohs  and  others.  For  more  ample 
information  on  this  subject  consult  the  "  Familiar  intrwluction  to  Crystallogra- 
phy, by  H.  J.  Brooke";  Mohs'  Treatise  on  Mineralogy      Elements  of  Crystallo- 
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3a  The  forms  of  crystals  may  be  divided  into  simple  and  com-    fc*  I. 
pound ;  a  simple  form  has  all  its  faces  equal  and  similar  to  each  Simple  and 
other,  while  a  compound  form  is  bounded  by  at  least  two  different  compound 
classes  of  faces;  thus  figs.  8,  9,  10  are  simple  forms.    Figs.  11,  13,  forra8' 


Fig.  8. 


Fig.  9. 


Fig  10. 


13  are  compound,  for  fig.  11  is  composed  of  eight  hexagonal  and 
square  faces  j  fig.  13  contains  three  classes  of  faces,  eight  hexagonal, 

W.  Fig.  12.  Fig.  13. 


laUc  sys- 
Cffl.  


six  octagonal,  and  twelve  quadratic.  The  lines  round  which  the  dif- 
ferent parts  of  crystals  are  grouped,  are  called  crystalline  axes.  It 
will  be  observed  that  in  the  figures  8,  9,  10,  three  right  lines,  which 
are  equal  in  length  and  perpendicular  to  each  other,  may  pass 
through  the  centre  of  the  crystal ;  in  fig.  8  by  joining  the  opposite 
aogles,  in  fig.  9  by  joining  the  centres  of  the  opposite  faces,  and  in 
fig.  10  by  connecting  the  opposite  angles  formed  by  the  meeting  of 
four  edges.  These  forms  are  thus  connected  by  having  the  same 
axes  of  crystallization,  and  proceeding  from  these  three  equal  and 
rectangular  axes,  either  the  octohedron,  the  cube,  or  the  rhombic 
dodecahedron  maybe  constructed,  the  resulting  form  depending  solely 
on  the  law  according  to  which  planes  are  symmetrically  arranged 
around  the  axes. 

39.  From  the  law  that  every  plane  shall  pass  through  an  extre-  Laws. 
mity  of  each  axis,  results  the  octohedron  fig.  &    This  law  limits  the 
number  of  faces  to  eight,  and  as  these  intersect  in  the  lines  joining 

the  extremities  of  the  axes,  each  face  is  an  equilateral  triangle,  and 
the  resulting  form  is  the  regular  octohedron.  From  the  law  that 
each  plane  shall  pass  through  an  extremity  of  one  axis  and  be  paral- 
lel to  the  other  two%  results  the  cube  fig.  9.  As  each  axis  has  two 
extremities,  only  six  planes  can  be  grouped  around  them,  and  by 
their  intersection  the  hexahedron,  or  cube,  is  produced.  In  a  similar 
manner  may  the  rhombic  dodecahedron,  fig.  10,  be  shown  to  be 
formed  according  to  the  law  that  each  plane  shall  pass  through  the 
extremities  of  two  axes,  and  be  parallel  to  the  third. 

40.  Simple  forms  thus  associated  by  being  reducible  from  the  same 

2  * 
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cup,  i-  axes,  constitute  what  is  termed  a  system  of  crystallization.    Thus  the 
Systems  of  octohedron,  cube,  and  rhombic  dodecahedron  are  three  forms  of  the 
crystallize-  octohedral  or  regular  system.    Such  forms  are  connected  still  more 
tl0n>        intimately  by  the  remarkable  fact,  that  any  substance  which  in  crys- 
tallizing assumes  one  form  of  a  system,  may,  and  frequently  does,  as- 
sume other  forms  belonging  to  that  system ;  and  what  is  still  more 
remarkable,  the  same  substance  is  not  only  capable  of  assuming  dif- 
ferent forms  of  the  same  system,  but  during  the  act  of  crystallization, 
the  faces  of  two,  three,  four,  and  in  some  cases  even  more,  of  these 
forms  are  simultaneously  developed,  whereby  compound  crystals  of 
the  greatest  diversity  of  form  and  appearance  are  produced.* 

41.  A  knowledge  of  all  the  simple  forms  of  a  system,  as  being 
those  in  which  the  same  substance  may  occur,  and  which  alone  can 
give  rise  to  compound  crystals,  is  highly  important.  Haiiy  first 
proved  the  existence  of  a  mathematical  connexion  between  them ; 
but  we  are  indebted  to  Weiss,  of  Berlin,  for  the  distinction 
of  the  system«Jof  crystallization.  He  has  shown  that  all  crystalline 
forms  may  be  brought  under  one  of  the  six  following  systems,  which 
may  be  distinguished  as 

1.  The  octohedral,  or  regular  system.  4.  The  oblique Jirismatic  system. 

2.  The  oy»a»8  prismatic  system.         5.  TheflfNV pn Striatic  system. 

3.  The  right  prismatic  system.  6.  The  rhombohedral  system. 

42.  The  octohedral  system  is  characterized  by  the  three  equal 
and  rectangular  axes  already  described.  If  we  suppose  that  two  of 
the  axes  are  horizontal,  and  the  third  vertical  (figs.  8,  9,  and  10), 

Octohedral  tne  law  of  symmetry  is  such,  that  if  a  face  of  a  crystal  be  observed 
system.     to        a  certain  Te]atjon  t0  one  0f  tne  horizontal  axes,  other  faces 

must  fulfil  the  same  condition  to  the  other  equal  axes.  From  the 
perfect  symmetry  in  the  different  parts  of  the  crystal,  this  group  is 
often  called  the  regular  system  of  crystallization.  It  consists  of  but 
few  simple  forms,  the  number  being  necessarily  limited  to  the  num- 
ber of  different  ways  in  which  a  plane  can  intersect  the  three  axes. 
These  are  only  seven. 

Number  of  1.  The  plane  may  cut  each  at  an  equal  distance  from  the  centre, 
forms.  as  m  lne  octohedron  (fig.  8). 

2.  The  plane  may  cut  two  axes  at  an  equal,  and  the  third  at  a 

greater  distance  from  the  centre.  The  resulting  form  is  called 
the  Triakisoctohedron. 

3.  The  plane  may  cut  two  axes  at  an  equal,  and  the  third  at  a  less 

distance  from  the  centre.  The  resulting  form  is  the  Ikositetra- 
hedron. 

4.  The  plane  may  cut  all  three  axes  unequally.    The  resulting  form 

is  the  Herakisoctohedron. 

5.  The  plane  may  cut  two  axes  at  unequal  distances  from  the  cen- 

tre, and  be  parallel  to  the  third.  The  resulting  crystal  is  the 
Tetrakishexahedron. 

6.  The  plane  may  cut  two  axes  in  points  equally  distant  from  the 


*  Thus  alum  may  crystallize  in  the  form  of  a  cube,  or  octohedron.  but  the  compound 
crystal,  fig.  11,  is  more  common,  where  the  faces  of  the  cube  truncate  the  angles  of 
the  octohedron.  Fig.  12.  is  another  form  of  the  alum,  where,  in  addition  to  the  octo- 
hedron, the  faces  of  the  rhombic  dodecahedron  are  also  dereloped.  Fig.  1 3  represents 
a  combination  of  all  three  forms. 
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centre,  and  be  parallel  to  the  third.    The  form  is  the  rhombic 

dodecahedron  (fig.  10). 
7.  The  plane  may  cut  one  axis,  and  be  parallel  to  the  other  two. 

The  form  is  the  cube  or  hexahedron  (fig.  9). 
Of  these  forms,  1,  6,  and  7  are  of  frequent  occurrence ;  the  others 
are  usually  found  in  combination. 

43.  The  square  prismatic  system.     The  forms  of  this  system  square 
are  also  characterized  by  three  axes  which  intersect  each  other  at  pnsmatic 
right  angles ;  but  they  differ  from  those  of  the  first  system  by  two  %lnlem- 
only  out  of  the  three,  being  equal.  Let 
the  third  axis  be  supposed  in  a  Terlical  po- 
sition   (fig.  14),  the  octahedron  formed 
is  either  longer  or  shorter  in  the  direction 
of  this  axis,  than  in  that  of  its  horizontal' 
axis.     These  octohedrons  may  be  com- 
pared to  a  double  four  sided  pyramid  on  a 
square  base.    The  parts  about  the  base 
are  similar  to  each  other,  but  differ  from  those  about  its  upper  or 

lower  extremity ;  and  this  character  distinguishes  the  system. 

44.  The  right  prismatic  system.    The  crystals  of  this  system  are  Right  pri»- 

mntic  sys- 
tem. 


Fig.  15. 


Fig.  16. 


Fig.  17. 


like  the  preceding,  characterized  by  three  rectangular  axes,  and 
are  distinguished  from  both  by  no  two  of  these  axes  being  equal. 


Fig.  18. 


45.  The  oblique  prismatic  system.  The  crys- 
tals of  this  system  (fig.  18),  differ  from  those 
of  the  last  by  the  front  and  back  parts  being 
dissimilar.  This  is  owing  to  two  of  the  axes 
intersecting  each  other  obliquely,  while  the  third 
still  remains  perpendicular  to  both. 

46.  The  double  oblique  system  is  readily  re- 
cognized by  the  complete  absence  of  all  sym- 
metry in  its  crystalline  forms.  This  results 
from  all  three  axes  intersecting  each  other 
obliquely ;  owing  to  which  the  left  and  right 
sides,  as  well  as  the  back  and  front,  are  of 
different  crystalline  values.  Hence  no  two  faces 
are  connected  except  those  which  are  parallel, 
and  all  symmetry  of  form  disappears. 


Oblique. 
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12  Attraction — Isomorphism. 

Ch*p.  L  47.  The  rhambokedral  system.  The  forms  of  this  system  are,  like 
Rhombohe-  the  octohedral,  characterized  by  three  equal  and  si- 
dral.  milar  axes ;  but  these  axes  intersect  each  other  at  *^  ' 
equal,  but  not  at  right  angles.  Its  most  simple 
form  is  the  rhombohedron  (fig.  20),  which  is 
bounded  by  six  equal  and  similar  rhombic  faces. 
The  axes  are  obtained  by  joining  the  centre  of  the 
opposite  faces.* 

ofMhscber-  48.  In  the  year  1819,  a  discovery,  extremely  important  both  to 
Udfa  mineralogy  and  chemistry,  was  made  by  Mitscherlich  of  Berlin, 
relative  to  the  connexion  between  the  crystalline  form  and  com- 
position of  bodies.  It  appears  from  his  researches,!  that  certain 
substances  have  the  property  of  assuming  the  same  crystalline  form, 
and  may  be  substituted  for  each  other  in  combination  without  affect- 
ing the  external  character  of  the  compound.  Thus  crystals  pos- 
sessed of  the  form  and  aspect  of  alum  may  be  made  with  sulphates 
of  potassa  and  sesquioxide  of  iron,  without  a  particle  of  aluminous 
earth ;  and  a  crystal  composed  of  selenic  acid  and  soda  will  have  a 
perfect  resemblance  to  Glauber's  salt. 
Isomorph-  49.  T/o  the  new  branch  of  science  laid  open  by  this  discovery,  the 
terra  isomorphism  (from  laog  equal,  and  pop?)  form)  is  applied: 
and  those  substances  which  assume  the  same  figure,  are  said  to  be 
isomorphous.  Of  these  isomorphous  bodies,  several  distinct  groups 
have  been  described  by  Mitscherlich. t 

50.  From  the  facts  observed,  the  form  of  crystals  is  inferred  to 
depend  on  their  atomic  constitution,  and  they  at  first  induced  Mits- 
cherlich to  suspect  that  crystalline  form  is  determined  solely  by  the 
number  and  arrangement  of  atoms,  quite  independently  of  their  na- 
ture. Subsequent  observations,  however,  induced  him  to  abandon 
this  view  ;  and  to  incline  to  the  opinion  that  certain  elements,  which 
are  themselves  isomorphous,  when  combined  in  the  same  manner 
with  the  same  substance,  communicate  the  same  form. 
Crystalli-  Isomorphous  substances  crystallize  together  with  great  readi- 

zationand  ness,  and  are  separated  from  each  other  with  difficulty.  Thus 
separation  a  weak  solution  of  lime,  which  in  pure  water  would  be  instantly 
phoas  sa£  indicated  by  oxalate  of  ammonia,  is  very  slowly  affected  by  that  test 
stances.  when  much  sulphate  of  magnesia  is  present  ,*§  and  Turner  found 
that  chloride  of  manganese  cannot  be  purified  from  lime  by  oxalate 
of  ammonia. 

The  sulphates  of  zinc  and  copper,  of  copper  and  magnesium,  of 
copper  and  nickel,  of  zinc  and  manganese,  and  of  magnesium  and 
manganese  crystallize  together,  and  have  the  same  form  as  green  vit- 
riol, without  containing  a  particle  of  iron.  These  mixed  salts  may  be 
crystallized  over  and  over  again  without  the  ingredients  being  sepa- 
rated from  each  other.  T.  418. 
Advantages    52,  Tne  tendency  of  isomorphous  bodies  to  crystallize  together, 

from  iso-   —  — - — —  

morpbism,     *  por  roore  minute  details  see  Turner's  Elements,  6th  edit.  p.  409. 

iAnn.  de  Ch.  tt  de  Phys.,  vol.  iiv.  172,  xix.  360,  and  xxiy.  264  and  366. 

t  For  a  table  of  isomorphous  substances  see  Johnston's  Report  on  Chemistry, 
in  toI.  1st  of  Reports  of  British  Association,  1831—2. 

f  Daubenj,  in  Edin.  Phil.  Jour.  Tii.  108. 
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sccouDta  for  the  difficulty  of  purifying  mixtures  of  isomorphous  salts  Sect,  n. 
by  crystallization.  The  same  property  sets  the  chemist  on  his  guard 
against  the  occurrence  of  isomorphous  substances  in  crystallized 
minerals.  It  is  a  useful  guide  in  discovering  the  atomic  constitu- 
tion of  compounds.  For  example,  from  the  composition  of  the  oxides 
of  iron,  and  the  compounds  which  this  metal  forms  with  other  bodies, 
it  is  known  that  the  sesquioxide  consists  of  two  atoms  of  iron  and 
three  atoms  of  oxygen;  and,  therefore,  it  is  inferred  that  alumina, 
which  is  isomorphous  with  sesquioxide  of  iron,  has  a  similar  consti- 
tution.* 

53.  In  connexion  with  chemistry,  the  theory  of  crystallization  Connexion 
opens  a  new  avenue  to  the  science,  and  frequently  enables  us  to  as-  SjSJJ11*' 
certain  directly,  that  which,  independent  of  such  aids,  could  only  be  wifh"" 
arrived  at  by  an  indirect  and  circuitous  route.  We  frequently  read  wtry 
the  chemical  nature  of  substances,  in  their  mechanical  forms.  In 
the  arts,  the  process  of  crystallization  is  turned  to  very  valuable 
account,  in  the  separation  and  purification  of  a  variety  of  substances. 


Section  II.    Heterogeneous  Attraction,  or  Affinity. 

54.  Having  considered  attraction  as  disposing  the  particles  of  bo-  Chemical 
dies  to  adhere  so  as  to  form  masses  or  aggregates ;  and  in  many  in-,Mra~li?n 
stances,  to  arrange  themselves  according  to  peculiar  laws,  and  to  as- 
same  regular  geometrical  figures — we  are  now  to  regard  this  power 

as  operating  upon  dissimilar  particles  ;  as  presiding  over  the  com- 
position of  bodies  ;  and  as  producing  their  chemical  varieties.  This 
is  Chemical  Attraction,  or  Affinity. 

55.  Chemical  affinity,  like  the  cohesive  attraction,  is  effective  on-  Distin- 

ly  at  insensible  distances ;  but  it  is  distinguished  from  the  latter  J^^cohe- 

force,  in  being  exerted  between  the  particles  or  atoms  of  bodies  of  sire  attrac- 

different  kinds.    The  result  of  its  action  is  a  new  compound,  in  Uon- 

which  the  properties  of  the  components  have  either  entirely  or  part-  {J^J0^^. 

ly  disappeared,  and  in  which  new  qualities  are  also  apparent  uon." 

Thui,  a  piece  of  marble  is  an  aggregate  of  smaller  portions  of  marble  attach- 
ed to  one  another  by  cohesion,  andthe  parts  so  attached  are  the  integrant  parti- 
cles .  each  of  which,  however  minute,  is  as  perfect  marble  as  the  mass  itself. 
Bat  the  integrant  particles  consist  of  two  substance*,  lime  and  carbonic  acid, 
which  are  different  from  ono  another  as  well  as  from  marble,  and  are  united  by 


The  integrant  particles  of  a  body  are  therefore  aggregated  togeth- 
er by  cohesion  ;  the  component  parts  are  united  by  affinity. 

56.  The  most  simple  instance  of  the  exercise  of  chemical  attrac- 
tion is  afforded  by  the  mixture  of  two  substances  with  one  another. 
Water  and  sulphuric  acid,  or  water  and  alcohol  combine  readily.  So 
when  potassa  is  added  to  sulphuric  acid  chemical  affinity  is  exerted, 
and  they  combine  together.  If  the  two  last  substances  are  examin- 
ed before  being  presented  to  each  other,  each  will  be  found  to  be 
distinguished  by  peculiar  properties. .  The  potassa  will  convert  the 

•  PUtiomorphum  (from  the  Greek  niijaioc,  near)  is  the   term  proposed  by 
to  indicate  the  forms  of  suite tances  that  avproximate  but  are  not  identical ; 

'  c  against  the  doctrine  of  isomorphism.  Sec 
*hUo*.  Max.  and  Ann.  N.  S-  X.  161  &  401. 


«ch  h»T«  been  brought  forward  by  Brooko  against  the  doctrine  of  isomorphism.  Sec 
bs  may,  and  the  reply  of  Whewell,  in  PA 
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blue  colour  of  vegetable  infusions*  to  green,  the  acid  will  turn 
them  red.  But  if  we  gradually  add  the  potassa  to  the  acid,  we  shall 
obtain  a  liquid  which  will  have  neither  the  properties  of  the  potassa 
or  of  the  acid ;  and  which  will  no  longer  change  the  colour  of  the 
vegetable  infusion,  and  the  taste  of  which  will  have  been  converted 
into  a  bitter  one. 

Neutraliza-  57.  In  cases  of  this  kind  where  chemical  combination  takes  place, 
and  the  qualities  of  the  component  parts  of  a  compound  are  no  lon- 
ger to  be  detected  in  it ;  the  bodies  combined  are  said  to  neutralize 
each  other. 

Distiii-  58.  Neutralization  is  to  be  distinguished  from  saturation,  (14)  by 
irorasatu-  wnicn  we  exPress  tnose  weaker  combinations  where  there  is  no  re-, 
ration.  markable  alteration  of  qualities,  as  in  cases  of  solution. — Water,  for 
example,  will  dissolve  successive  portions  of  common  salt,  or  sugar, 
uutil  at  length  it  refuses  to  take  up  more  ;  or  is  saturated;  the  so- 
lution retaining  the  saline  or  sweet  taste  and  some  other  qualities  of 
the  salt  or  sugar.  The  only  physical  quality  that  is  changed  being 
that  of  cohesion.t 

The  com-  59.  In  many  cases,  the  properties  of  the  compounds  resulting 
UJJ  dimay  from  chemical  affinity  differ  essentially  from  those  of  their  compo- 
und pro-  nent  parts,  and  a  series  of  new  bodies,  possessed  of  distinct  and  pe- 
perties.     culiar  characters,  is  produced. 

Kxp.  1.  Thus  when  two  volumes  of  nitric  oxide  gas  (Deutozide  of  Nitrogen)  are 
mixed  with  one  of  oxygen,  an  orange-coloured  gas  results,  very  sour,  and  soluble 
in  water,  whereas,  the  gases  before  mixture  were  colourless,  tasteless,  and  insolu- 
ble in  water. 

Exp.  2.  1^  inl°  a  gla*3  vessel,  exhausted  of  air,  be  introduced  sulphur,  and  copper  fi- 
lings, and  heat  bo  applied  so  as  to  melt  the  former,  it  will  presently  combine  with 
the  latter. 

Exp.  3.  If  wo  mix  a  quantity  of  iron  filings  and  sulphur,  and  melt  them  in  a  crucible, 
we  obtain  a  brittle  mass  which  has  properties  different  from  those  of  either  of 
its  constituent  parts. 

60.  We  observe  as  the  results  of  this  attraction  between  these  sub- 
stances, 1,  that  the  substances  produced  have  not  the  intermediate 
properties  of  their  elements  but  that  they  present  new  characters , 

*  An  infusion  of  purple  cabbage  affords  an  economical  snd  convenient  liquid  for 
this  and  similar  purposes-  For  its  preparation,  one  or  more  red  cabbages  should  be 
cut  into  strips,  and  boiling  water  poured  upon  the  pieces,  a  little  dilute  sulphuric  acid 
is  to  be  added,  and  the  whole  well  stirred  ;  it  is  then  to  be  covered  and  kept  bot  as 
Ions  as  possible,  or  if  convenient,  should  be  heated  nearly  to  boiling  for  an  hour  or 
two  in  a  c  >pper  or  earthen  vessel.  The  quantity  of  water  to  be  added  at  first  should 
be  sufficient  to  cover  the  cabbage,  and  the  sulphuric  acid  should  be  in  the  proportion 
of  about  half  an  ounce  of  strong  oil  of  vitriol  by  measure  to  each  good  sized  plant. 
This  being  done,  the  fluid  should  be  separated  and  drained  off,  and  as  much  more  hot 
water  poured  on  as  will  cover  the  solid  residue,  adding  a  very  little  sulphuric  acid.  The 
whole  is  to  be  closed  up,  and  suffered  to  stand  until  cooled,  and  then  the  liquid  poured 
off  and  added  to  the  former  infusion.  The  infusion  is  to  be  evaporated  lo  one  half 
or  one  third  its  first  hulk,  poured  into  a  jar,  allowed  to  settle,  and  the  clear  red  fluid 
decanted  and  preserved  in  bottles.  This  solution  will  keep  a  year.  When  required 
for  use,  the  acid  of  a  small  portion  of  it  should  be  neutralized  by  caustic  potassa  or 
soda,  (not  by  ammonia,)  when  it  will  assume  an  intensely  deep  blue  colour,  and  will  in 
most  cases,  require  dilution  with  twelve  or  fourteen  parts  of  water.  Faraday. 

t  Neutralizations  are  best  effected  with  the  assistance  of  heat,  especially  if  a  car- 
bonate be  used,  or  if  precipitation  occur  during  the  operation.  The  carbonic  acid  in 
the  first  case  is  dissipated,  and  in  the  latter  the  combination  is  more  rapidly  and 
perfectly  effected.  Evaporating  basins  are  highly  useful  for  these  purposes, 
their  contents  being  easily  stirred,  and  the  rod  used  for  that  purpose  also  applied 
to  moisten  the  test  paper  when  required.  The  solution  to  be  neutralized  should 
not  be  very  strong,  and  the  substance  added  should  be  diluted  upon  approaching  the 
-  of  neutralization,  if  it  be  accurately  required.   F.  174. 


Ntutraliiatiufi 
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2,  tbat  in  the  second  experiment  much  heat  and  light  are  evolved   s*a.  n. 
during  the  mutual  action  ;  3,  that  the  substances  will  unite  in  cer- 
tain proportions  only. 

61.  In  liquids  and  gases,  similar  changes  of  properties  may  be 
exhibited,  and,  in  many  cases,  a  change  of  form  or  state  results.  Solid  pro- 
Thus  the  combination  of  aeriform  bodies  produces  a  solid. 

Into  a  retort  (6g.  21,  «,)  introduce  Fig.  21. 

a  small  quantity  of  liquid  ammonia  j  v  Exp.  1 

(rotable  alkali,)  and  into  another  a 
little  hydrochloric  (muriatic)  acid;  in- 
sert the  beaks  of  the  retorts  into  the 
extremities  of  a  plaxs  cylinder,  b. 
The  gases  arming  from  the  acid  and 
ammonia,  pass  into  the  cylinder  and 
unite  to  form  a  new  solid  compound, 
hTdrochlorate  of  ammonia  (sal  am- 

"Joniac)  j4  

If  to  a  concentrated  solution  of  hydrochlorate  of  lime,  sulphuric  acid  or  a  sat-  ^P*  a* 
J  solution  of  carbonate  ofpotassa  be  gradually  added,  a  white  solid  will  result. 


d2_ 


62.  In  other  cases  the  solids  are  converted  into  aeriform  matter, 
of  which  the  combustion  of  gunpowder  is  a  familiar  instance. — Gas- 
es also,  form  a  liquid  ;  as  when  olefiant  gas  is  mixed  with  chlorine. 

When  certain  liquids  are  presented  to  each  other,  gases  are  the 
result,  as  when  to  two  parts  of  alcohol  we  add  one  part  of  nitric  acid, 
an  effervescence  ensues,  and  aeriform  matter  is  copiously  evolved. 

Solids  also  produce  liquids. 

Rob  together  in  a  mortar  a  few  crystals  of  Glauber's  salt  with  nitrate  of  am-  Exp. 
awnia,  the  two  solids  will  become  fluid. 

Such  operations  are  not  confined  to  art.  Nature  presents  them 
on  an  extended  scale  ;  and  in  connexion  with  the  functions  of  life, 
renders  them  subservient  to  the  most  exalted  purposes. 

63.  The  new  chemical  powers  that  bodies  thus  acquire  in  conse- 
quence of  combination,  are  often  extremely  remarkable,  and  can  on- 
ly be  learned  by  experiment.  It  frequently  happens  that  inert  bodies 
produce  inert  compounds,  and  that  active  substances  remain  active 
when  combined  ;  but  the  reverse  often  occurs:  thus  oxygen,  sulphur, 
and  water,  in  themselves  tasteless  and  comparatively  inert,  produce 
sulphuric  acid  when  chemically  combined  ;  and  potassa,  which  is  a 
powerful  caustic,  when  combined  with  sulphuric  acid,  forms  a  salt* 
possessing  little  activity.  Cban_ 

64.  The  colours  of  bodies  are  altered  by  chemical  action.  fy°chenu- 
Into  a  weak  solution  of  nitrate  of  copper,  drop  liquid  ammonia,  a  rich  blue  cal  ac" 

colour  will  be  produced.    Add  gradually,  on  the  end  of  a  glass  rod,  a  little  sul-  Exp. 
j'hurie  acid,  the  liquid  will  become  colourless. 

To  an  infusion  of  purple  cabbage  add  a  few  drops  of  an  acid,  the  colour  will  j?^ 
be  changed  to  red. — The  addition  of  liquid  potassa,  in  quantity  just  sufficient  to 
'-■i.T  j;./.    tin-  n<  id,  will  r>  slnr»  1 1 1 # •  original  colour 
The  addition  of  potassa  alone,  produces  a  green  colour.  Eip. 
Into  a  small  jar  of  chlorine  gas,  confined  by  water,  introduce  a  piece  of  lit-  gXp 
mm  paper,  the  colour  will  be  wholly  destroyed. 

H  hen  sulphate  of  copper  (blue  vitriol,)  and  acetate  of  lead  (sugar  of  lead)  £xp 
arc  robbed  together  in  a  mortar  .  the  new  compound  has  a  green  colour. 
Calomel  and  potassa,  both  colourless,  when  rubbed  in  a  mortar  form  a  black  Exp. 


•  The  term  tail  in  chemistry  is  not  confined  to  those  substances  called  salts  in  or- 
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Attraction —  Chemical. 
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Iodine,  whose  vapour  is  of  a  violet  hue,  forms  a  beautiful  red  < 
'  mercury,  and  a  yellow  one  with  lead. 

65.  The  specific  gravity  of  bodies  is  altered  by  chemical  action. 
Two  bodies  rarely  occupy  the  same  space  after  combination  which 
they  did  separately.  In  general  their  bulk  is  diminished,  so  that  the 
specific  gravity  of  the  new  body  is  greater  than  the  mean  of  its 
compouents.  Thus  a  mixture  of  100  equal  measures  of  water  and 
an  equal  quantity  of  sulphuric  acid  does  not  occupy  the  space  of  200 
measures,  but  considerably  less.  A  similar  contraction  frequently 
attends  the  combination  of  solids.  Gases  often  experience  a  re- 
markable condensation  when  they  unite.  But  there  are  exceptions. 
The  reverse  happens  in  some  metallic  compounds ;  and  there  are 
examples  of  combination  between  gases  without  any  change  in  bulk. 

66.  A  change  of  temperature  generally  accompanies  chemical 
action.  Caloric  is  evolved  either  when  there  is  a  diminution  in  the 
bulk  of  the  combining  substances  without  a  change  of  form,  or  when 
a  gas  is  condensed  into  a  liquid,  or  when  a  liquid  becomes  solid 
(61.  Exp.  2) ;  and  as  when  water  is  poured  upon  quicklime. 

When  equal  parts  of  sulphuric  acid  and  water  are  mixed,  tho  temperature  is 
so  much  increased  that  if  the  mixture  be  made  in  a  phial  aboat  which  tow  is 
wrapped  containing  a  few  pieces  of  phosphorus,  the  phosphorus  will  be  in- 

tl-;r,,,..l  * 


67.  Ignition  is  a  frequent  attendant  upon  chemical  action, 
(59.  Exp.  2.) 

Mix,  cautiously,  a  small  quantity  of  sugar  with  about  half  its  weight  of  the 


salt  called  chlorate  of  potassa,  form  the  mixture  into  a  heap  upon  a  plate  of 
iron,  and  drop  upon  it  from  the  exUemity  of  a  glass  rod,  a  little  sulphuric  acid,  it 
will  be  inflamed. 


Chemical 

action  pro- 
moted ny 
mechanical 
division, 


By  heat, 
Exp. 


Drop  a  small  piece  of  potassium  into  water,  or  upon  ice,  hydrogen  gas  will  be 
disengaged  and  take  fire. 

68.  As  chemical  action  takes  place  among  the  ultimate  or  con- 
stituent elements  of  bodies,  it  must  obviously  be  opposed  by  the  co- 
hesion of  their  particles,  and  chemical  attraction  is  often  prevented 
by  mechanical  aggregation. 

Introduce  a  piece  of  the  metal  antimony  into  a  jar  of  chlorine  gas,  it  will  be 
only  slowly  and  superficially  acted  upon  ;  but  if  the  mechanical  aggregation  be 
previously  diminished,  by  reducing  the  metal  to  powder,  it  in  that  state  rapidly 
unites  with  the  gas,  aad  burns  the  instant  that  it  is  introduced. 

The  influence  of  mechanical  division  in  promoting  the  action  of 
chemical  affinity,  and  in  favouring  solution,  will  be  obvious,  if  into 
a  vessel  containing  dilute  hydrochloric  acid  we  drop  a  lump  of  mar- 
ble ;  and  into  another  vessel  containing  the  same  acid  we  pour  an 
equal  weight  of  marble  reduced  to  powder. 

69.  The  chemical  energies  of  bodies,  are  increased  by  heat. 

To  four  ounco-measures  of  water,  at  the  temperature  of  the  atmosphere,  add 
three  ounces  of  sulphate  of  soda  in  powder,  only  part  of  the  salt  will  be  dissolv- 
ed, even  after  being  agitated  some  time.  Apply  heat,  and  the  whole  of  the  salt 
will  disappear. 

To  this  law,  however,  there  are  several  exceptions;  for  many 
salts  are  equally,  or  nearly  equally,  soluble  in  cold  as  in  hot  water  ; 
as  will  be  seen  hereafter. 

The  effects  of  heat  arc  sometimes  only  referable  to  the  diminution 
of  adhesion  hy  expansion,  or  liquefaction  ;  but  in  other  cases  they 


*  As  the  phial  is  often  broken,  it  should  be  placed  upoa  a  plate. 
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are  peculiar  and  complicated,  and  probably  concerned  in  modh <ing    9ccu  h. 

the  electrical  energies  of  the  acting-  substances. 

70.  Mechanical  agitation,  also  favours  the  chemical  action  of  And  by  Me- 
bodiet.  chanical 

QCTltQtioO 

Into  a  wine  glass  full  of  water,  tinged  blue  with  the  infusion  of  cabbage  let  g. 
&H  a  small  lump  of  solid  tartaric  acid.    The  acid,  if  loft  at  rest,  even  during 
some  hours,  will  only  change  to  rod  that  portion  of  the  infusion,  which  is  in 
immediate  contact  with  it.   Stir  the  liquid,  and  the  whole  will  immediately 
become  red. 

Sulphuric  acid  poured  into  alcohol  will  subside  to  the  bottom,  and  chemical  v> 
action  will  take  place  only  at  the  touching  surfaces  of  the  two  substances — but  ' 
it  mil  be  brought  on  through  tho  wholo  mixture  by  agitation. 

71.  Some  bodies  evince  no  affinity  for  each  other.  Soma 

Oil  and  water,  or  powdered  chalk  and  water,  may  be  agitated  together,  but  ^°^'es  c" 
they  will  not  combine.  On  allowing  tho  Teasels  containing  them  to  remain  at  af{j„jt!!° 
mi,  the  oil  or  water  rises  to  the  surfaco,  and  the  chalk  falls  to  the  bottom.         prn  y* 


surfaco,  and  the  chalk  falls  to  the  bottom.  j£xp 

72.  The  intervention  of  a  third  body  will  sometimes  promote  the  Union  pro- 
ion  of  two  other  bodies  which  have  no  affinity  for  each  other.  gflfog* 
Thus  oil  and  water  unite  immediately  on  adding  an  alkali,  as  caustic  pot  ansa, 

73.  It  very  frequently  happens,  on  the  contrary,  that  the  tenden- Or  destroy, 
cy  of  two  bodies  to  unite,  or  remain  in  combination  together,  is ed- 
weakened  or  destroyed  by  the  addition  of  a  third.    Thus  alcohol 

unites  with  water  in  such  a  manner  as  to  separate  most  salts  from  it. 

A  itriking  instance  of  this  is  seen  in  a  saturated  or  strong  solution  of  nitre  in  Exp. 
inter.    If  to  this  there  be  added  an  equal  measure  of  alcohol,  the  greater  part 
of  the  nitre  instantly  falls  down. 
Or,  if  to  a  solution  of  camphor  in  alcohol,  water  be  added,  the  water  will  Exp. 
with  the  alcohol  and  tho  camphor  will  bo  separated. 


Oil  has  an  affinity  fur  the  volatile  alkali,  ammonia,  and  will  unite  with  it,  Exp. 
firming  a  soapy  substance  called  a  liniment.  But  the  ammonia  has  a  still  great- 
tr  attraction  tor  sulphuric  acid  ;  and  henco  if  the  acid  be  added  to  the  liniment, 
Um  alkali  will  quit  the  oil,  and  unite  by  preference  with  tho  acid. 

74.  The  affinity  existing  between  any  two  bodies,  is  inferred  from  Affinity 
their  entering  into  chemical  combination,  and  that  this  has  happened,  r^w  1D  er 
we  have  a  proof  in  the  change  of  properties. 

75  From  a  great  number  of  facts,  it  appears  that  some  bodies 

hate  a  stronger  tendency  to  unite  than  others,  and  that  the  union 

of  a  substance  with  another  will  often  exclude,  or  even  bring  about 

the  separation  of  a  third  substance  which  may  have  been  previously 

anited  with  one  of  them.    This  preference  of  uniting,  exhibited 

with  regard  to  other  bodies,  has  been  called  Elective  Affinity.  Thus^^TC 

To  a  solution  of  camphor  in  alcohol  add  water;  the  camphor  will  be  separa-  s-  j 
.  in<1  the  water  and  alcohol  will  unite. 

to  water  a  few  drops  of  sulphuric  acid;  tho  addition  of  a  solution  of  Exp.  2. 
will  cause  tho  separation  of  the  acid.    Tho  white  substance  that  will 
le  will  be  a  new  compound  of  sulphuric  acid  and  baryta. 

In  these  and  many  similar  cases  combination  and  decomposition 
occur. 

76.  When  a  compound  is  decomposed  and  but  one  substance  isSingla, 
vparaled,  or  brought  into  combination,  the  affinity  has  been  called 
SmgU  Elective.    But  the  phenomenu  are  often  more  complex. 

77.  When  two  compounds,  each  consisting  of  two  ingredients,  Double, 
ir*  decomposed  and  two  new  compounds  formed,  we  have  an  in- 
stance of  Double  Elective  Affinity. 
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Mix  together  a  potation  of  carbonate  of  ammonia  and  hydroehlorate  of  lime  ; 

carbonate  of  lime  and  hvdrochloratc  of  ammonia  will  be  formed. 
Exp.  J 

Decompo-      78.  The  knowledge  of  the  affinities  which  bodies  have  for  each 
sition.      other,  enables  us  to  separate  them  when  united,  or  to  perform  the 
process  of  decomposition.  Thus, 

Exp.  In  a  solution  of  nitrate  of  silver  (common  lunar  caustic)  place  a  piece  of 

polished  copper;  it  will  soon  be  covered  with  metallic  silver.  The  solution 
will  have  been  decomposed,  and  the  silver  precipitated. 

Tables  of      79.  The  order  in  which  decompositions  take  place  has  been  ex- 
•ffini'y.     pressed  in  tables,  of  which  the  following,  drawn  up  by  Geoffroy,  is 
an  example : — 

SULPHURIC  ACID. 

Baryt«, 

Strontia, 

Potassa. 

Sod  ti, 

Lime, 

Ammonia, 

Magnesia. 

This  table  signifies,  first,  that  sulphuric  acid  has  an  affinity  for  the 
substances  placed  below  the  horizontal  line,  and  may  unite  separately 
with  each  ;  and,  secondly,  that  the  base  of  the  salts  so  formed  will  be 
separated  from  the  acid  by  adding  any  of  the  alkalies  or  earths  which 
stand  above  it  in  the  column.  Thus  ammonia  will  separate  magnesia, 
Lime  ammonia,  and  potassa  lime  ;  but  none  can  withdraw  baryta 
from  sulphuric  acid,  nor  can  ammonia  or  magnesia  decompose  sul- 
phate of  lime,  though  strontia  or  baryta  will  do  so.  Bergmann  con- 
ceived that  these  decompositions  are  solely  determined  by  chemical 
attraction,  and  that  consequently  the  order  of  decomposition  repre- 
sents the  comparative  forces  of  affinity ;  and  this  view,  from  the 
simple  and  natural  explanation  it  affords  of  the  phenomenon,  was  for 
a  time  very  generally  adopted.  But  it  does  not  necessarily  follow, 
because  lime  separates  ammonia  from  sulphuric  acid,  that  the  lime 
has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a 
degree,  that  it  is  impossible  to  discover  how  much  of  the  effect  is 
owing  to  that  power. 
Objections  80.  Berthollet  was  the  first  to  show  that  the  relative  forces  of 
V>,  chemical  attraction  cannot  always  be  determined  by  observing  the 

order  in  which  substances  separate  each  other  when  in  combination, 
and  that  the  tables  of  Geoffroy  are  merely  tables  of  decomposition, 
not  of  affinity«  He  likewise  traced  all  the  various  circumstances  that 
modify  the  action  of  affinity,  and  gave  a  consistent  explanation  of  the 
mode  in  which  they  operate.  He  denied  the  existence  of  elective 
affinity  as  an  invariable  force,  capable  of  effecting  the  perfect  separa- 
tion of  one  body  from  another;  he  maintained  that  all  the  instances 
of  complete  decomposition  attributed  to  elective  affinity  are  in  real- 
ity determined  by  one  or  more  of  the  collateral  circumstances  that 
influence  its  operation.  But  here  this  acute  philosopher  went  too 
far.  Bergmann  erred  in  supposing  the  result  of  chemical  action  to 
be  in  every  case  owing  to  elective  affinity  ;  but  Berthollet  ran  into 
the  opposite  extreme  in  declaring  that  the  effects  formerly  ascribed  to 
that  power  are  never  produced  by  it. 
81.  The  chemical  changes  are  often  illustrated  by  diagrams, 
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which  may  either  be  constructed  so  as  merely  to  show  the  result  of  |&  & 
the  change,  or  may  exhibit  the  composition  of  the  acting  bodies. 

The  addition  of  sulphate  of  soda  to  nitrate  of  baryta  (both  in  solution),  will  be  E*P- 
attended  with  the  formation  of  sulphate  of  baryta  and  nitrate  of  soda. 

The  following  diagram  exhibits  the  substances  before  mixture,  on 
parallel  lines  ;  after  mixture,  by  diagonal  lines  : 

Nitric  Acid.  Baryta. 


Acid.  .  .  Soda. 


Or  a  more  complete  view  of  the  change  is  given  in  the  following 
d  a^ram,  where  the  bodies  before  mixture  arc  placed  upon  the  out- 
side of  the  perpendicular  lines;  their  component  parts  are  shown 
within  them  ;  and  the  new  results  on  the  outside  of  the  horizontal 
lines.* 

Nitrate  of 


Nitrate  of  Baryta. 


Nitric  Acid.  Soda 


Baryta.      Sulphuric  Acid. 


Sulphate  of  Soda. 


Sulphate  of  Baryta. 

92  Chemical  affinity  is  influenced  by  various  extraneous  circum-  Circum- 
stances and  forces.    Of  these  the  most  important  are,  cohesion,  elas-  J1*"^"1" 
ticity,  quantity  of  matter,  and  gravity.    To  these  may  be  added  the  affinity, 
agency  of  the  imponderables. 

S3.  The  first  obvious  effect  of  cohesion  is  to  oppose  affinity,  by  Cohesion, 
impeding  or  preventing  that  mutual  penetration  and  close  proximity 
of  the  particles  of  different  bodies,  which  is  essential  to  the  success- 
ful exercise  of  their  attraction.  For  this  reason,  bodies  seldom  act 
chemically  in  their  solid  state.  Liquidity,  on  the  contrary,  favours 
chemical  action  ;  it  permits  the  closest  possible  approximation,  while 
the  cohesive  power  is  comparatively  so  trifling  as  to  oppose  no  ap- 
preciable barrier  to  affinity. 

SL  Cohesion  may  be  diminished  in  two  ways,  by  mechanical  How  di^ 
division,  or  by  the  application  of  heat.  The  former  is  useful  by  in-r 
creasing  the  extent  of  surface.  Heat  acts  with  greater  effect,  and 
never  fails  in  promoting  combination,  whenever  the  cohesive  power 
is  a  barrier  to  it.  Its  intensity  should  always  be  so  regulated  as  to 
produce  liquefaction.  The  fluidity  of  one  of  the  substances  fre- 
quently suffices  for  effecting  chemical  union,  as  is  proved  by  the 
facility  with  which  water  dissolves  many  salts  and  other  solid  bodies. 
The  reduction  of  both  substances  to  the  liquid  state  is  the  best  roe- 


•  Various  method*  hate  been  made  use  of  to  express  chemical  changes,  and  the  re 


nits  of  chemical  actions,  by  means  of  diagrams,  for  which  the  student  mny  consult 
Henry's  and  Brandea  Chan.,  the  Medical  Oiemittry  of  Paris,  and  Ure's  Dictionary, 
Art.  Attraction. 
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Qh*p.  l   thod  for  ensuring  chemical  action.    The  slight  degree  of  cohesion 
possessed  by  liquids  does  not  appear  to  cause  any  impediment  to  com- 
bination,   tt  seems  fair  to  infer,  tbat  very  little,  if  any,  affinity  exists 
between  two  bodies  which  do  not  combine  when  they  are  intimately 
mixed  in  a  liquid  state. 
Agency  in     85.  The  phenomena  of  crystallization  are  owing  to  the  ascendancy 
crystallua-  0f  conesion  over  affinity-    When  a  large  quantity  of  salt  has  been 
dissolved  in  water  by  the  aid  of  heat,  part  of  the  saline  matter  gene- 
rally separates  as  the  solution  cools,  because  the  cohesive  power  of 
the  salt  then  becomes  comparatively  too  powerful  for  chemical  at- 
traction.   Its  particles  begin  to  cohere  together  and  are  deposited  in 
crystals,  the  process  of  crystallization  continuing  till  it  is  arrested  by 
the  affinity  of  the  liquid.    A  similar  change  happens  when  a  solution 
made  in  the  cold  is  gradually  evaporated.    The  cohesion  of  the 
saline  particles  is  no  longer  counteracted  by  the  affinity  of  the  liquid, 
and  the  salt,  therefore,  assumes  the  solid  form. 
Affect*  re-     86.  Cohesion  plays  a  still  more  important  part.    It  sometimes  de- 
u-       termines  the  result  of  chemical  action,  probably  even  in  opposition  to 
affinity. 

gxp  Thus,  on  mixing  together  n  solution  of  two  acids  and  one  alkali,  of  which  two 

•alts  may  be,  formed,  one  soluble,  and  the  other  insoluble,  the  alkali  will  untie 
with  that  acid  with  which  it  formi  the  insoluble  compound,  to  the  exclusion  of 
the  other.  This  is  one  of  the  modifying  circumstances  employed  by  Bcrthollet 
to  account  for  the  phenomena  of  single  elective  attraction,  and  is  certainly  appli- 
cable to  many  of  the  instances  to  be  found  in  the  tables  of  affinity. 

Its  action  87.  To  comprehend  the  manner  in  which  cohesion  nets  in  some 
Ureases?*  instances,  it  is  necessary  to  consider  what  takes  place  when  in  the 

same  liquid  two  or  more  compounds  are  brought  together,  which  do 

not  give  rise  to  an  insoluble  substance. 

£Xp  Thus  on  mixing  solutions  of  sulphate  of  potassa  and  nitrate  of  soda,  no  precipi- 

tate ensues  ;  because  the  salts,  capable  ot  being  formed  by  double  decomposition, 
sulphate  of  soda  and  nitrate  of  potassa,  are  likewise  soluble.  In  this  case  it  is 
{possible  either  that  each  acid  may  be  confined  to  one  base,  so  as  to  constitute  two 
neutral  salts  :  or  that  each  acid  may  be  divided  between  both  bases,  yielding 
four  neutral  salts.  It  is  difficult  to  decide  this  point  in  an  unequivocal  manner: 
but  judging  from  many  chemical  phenomena,  it  is  probable  that  the  arrangement 
last  mentioned  is  the  most  frequent,  and  is  probably  universal  whenever  the  rela- 
tive forces  of  affinity  are  not  very  unequal.  When  two  acids  and  two  bases  meet 
together  in  neutralizing  proportion,  it  may,  therefore,  bo  inferred,  that  each  acid 
unites  with  both  the  bases  in  a  uiHiiner  regulated  by  their  respective  force*  of 
affinity,  and  that  four  salts  are  contained  in  solution.  In  like  manner  the  pre- 
sence of  three  acids  and  three  bases  will  give  rise  to  nine  salts ;  and  when  four 
of  each  are  present,  sixteen  salts  will  be  produced.  This  view  affords  the  most 
plausible  theory  of  the  constitution  of  mineral  waters,  and  of  the  products  which 
they  yield  by  evaporation.  T. 

Influence  of  88.  The  influence  of  insolubility  in  determining  the  result  of  che- 
msolabil-  m\cn\  action  may  be  readily  explained  on  this  principle.  If  nitric 
acid,  sulphuric  acid,  and  baryta,  are  mixed  together  in  solution,  the 
base  may  be  conceived  to  be  at  first  divided  between  the  two  acids, 
and  nitrate  and  sulphate  of  baryta  to  be  generated.  The  latter  being 
insoluble  is  instantly  removed  beyond  the  influence  of  the  nitric  acid, 
so  thai  for  an  instant  nitrate  of  baryta  and  free  sulphuric  acid  remain 
in  the  liquid  ;  but  as  the  base  left  in  solution  is  again  divided  between 
the  two  acids,  a  fresh  quantity  of  the  insoluble  sulphate  is  generated  ; 
and  this  process  of  partition  continues,  until  cither  the  baryta  ot  the 
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sulphuric  acid  is  withdrawn  from  the  solution.    Similar  changes  en-  n. 
sue  when  nitrate  of  baryta  and  sulphate  of  soda  are  mixed.* 

89.  The  efflorescence  of  a  salt  is  sometimes  attended  with  a  simi*  of  efllores- 
lar  result.    If  carbonate  of  soda  and  chloride  of  calcium  are  mingled  cence, 
together  in  solution,  the  insoluble  carbonate  of  lime  subsides.    But  if 
carbonate  of  lime  and  sea-salt  are  mixed  in  the  solid  state,  and  a 
certain  degree  of  moisture  is  present,  carbonate  of  soda  and  chloride 

of  calcium  are  slowly  generated  ,  and  since  the  former,  as  soon  as 
it  is  formed,  separates  itself  from  the  mixture  by  efflorescence,  its 
production  continues  progressively.  The  efflorescence  of  carbonate 
of  soda,  which  is  sometimes  seen  on  old  walls,  or  which  in  some 
countries  is  found  on  the  soil,  appears  to  have  originated  in  this 
manner. 

90.  From  the  obstacle  which  cohesion  puts  in  the  way  of  affinity,  of  elastic- 
tbe  gaseous  state,  in  which  the  cohesive  power  is  wholly  wanting,  ity, 
might  be  expected  to  be  peculiarly  favourable  to  chemical  action. 

The  reverse,  however,  is  the  fact.  Bodies  evince  little  disposition  to 
onite  when  presented  to  each  other  in  the  elastic  form.  Combina- 
tion does  indeed  sometimes  take  place  in  consequence  of  a  very 
energetic  attraction  ;  but  examples  of  an  opposite  kind  are  much 
more  common.  This  want  of  action  seems  to  arise  from  the  distance 
between  the  particles  preventing  that  close  approximation  which  is 
so  necessary  to  the  successful  exercise  of  affinity.  Hence  many 
gases  cannot  be  made  to  unite  directly,  which  nevertheless  combine 
readily  while  in  their  nascent  state  ;  that  is  while  in  the  act  of  as- 
suming the  gaseous  form  by  the  decomposition  of  some  of  their  solid 
or  fluid  combinations. 

Elasticity  operates  likewise  as  a  decomposing  agent.  If  two  gases, 
the  reciprocal  attraction  of  which  is  feeble,  suffer  considerable  con- 
densation when  they  unite,  the  compound  will  be  decomposed  by 
Terr  slight  causes.  Chloride  of  nitrogen  affords  an  apt  illustration 
of  this  principle,  being  distinguished  for  its  remarkable  facility  of 
decomposition. 

91.  Many  familiar  phenomena  of  decomposition  are  owing  to  Of  heat, 
elasticity.    All  compounds  that  contain  a  volatile  and  a  fixed  prin- 
ciple, are  liable  to  be  decomposed  by  a  high  temperature.    The  ex- 
pansion occasioned  by  heat  removes  the  elements  of  the  compound 

to  a  greater  distance  from  each  other,  and  thus  by  diminishing  the 
force  of  chemical  attraction,  favours  the  tendency  of  the  volatile  prin- 
ciple to  assume  the  form  which  is  natural  to  it.  The  evaporation  of 
water  from  a  solution  of  salt  is  an  instance  of  this  kind. 


*  The  »er*  ration  of  salts  by  crystallization,  from  mineral  waters  or  other  saline  mix- 
tares,  i»  explicable  by  a  similar  mode  of  reasoning.  Thus  on  mixing  nitrate  of  potassa 
tad  telpbale  of  soda,  four  salts,  according  to  this  view,  are  generated,  uamely,  the 
talphate*  of  soda  and  potassa,  nnd  the  nitrates  of  those  bases  ;  and  if  the  solution  be 

•;i-,*y.i  to  •  vnpoiati  padoaUy,  a  paiai  at  length  arrives  when  ibe  Inai  ntaUaaf 

these  salts,  the  sulphate  of  potassa,  will  be  disposed  to  crystallize.  As  soon  as 
aea&e  of  its  crystals  arc  deposited,  and  thus  withdrawn  from  the  influence  of  the  other 
ulu  tbe  constituents  of  these  undergo  a  new  arrangement,  whereby  an  additional 
quantity  of  sulphate  of  potassa  is  generated ;  and  this  process  continues  until  the 
greater  part  of  i he  sulphuric  acid  and  potassa  has  combined,  and  the  compound  is  re- 
CKaved  by  crystallization.  If  the  difference  in  solubility  is  considerable,  the  separa- 
tes of  salts  may  be  often  rendered  very  complete  by  this  method.  T. 
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_    Many  solid  substances,  which  contain  water  in  a  state  of  intimate 
combination,  part  with  it  in  a  strong  heat  in  consequence  of  the 
volatile  nature  of  that  liquid.    The  separation  of  oxygen  from  some 
metals,  by  heat  alone,  is  explicable  on  the  same  principle. 
Heat  may      9&  It  appears  that  the  influence  of  heat  over  affinity  is  variable  ; 
fayour  or   for  at  one  time  it  promotes  chemical  union,  and  opposes  it  at  another 


■flato  *tS  action»  nowever-  »s  always  consistent.  Whenever  the  cohesive 
power  is  an  obstacle  to  combination,  heat  favours  affinity  either  by 
diminishing  the  cohesion  of  a  solid,  or  by  converting  it  into  a  liquid. 


As  the  cause  of  the  gaseous  state,  on  the  contrary,  it  keeps  at  a  dis- 
tance particles  which  would  otherwise  unite ;   or,  by  producing 
expansion,  it  tends  to  separate  from  one  another  substances  which 
are  already  combined. 
Influence  of    93.  Some  of  the  decompositions,  which  were  attributed  by  Berg- 
on  decom-  mann  10  the  so^e  influence  of  elective  affinity,  may  be  ascribed  to 
positions,  elasticity.    If  three  substances  are  mixed  together,  two  of  which  can 
form  a  compound  which  is  less  volatile  than  the  third  body,  the  last 
will,  in  general,  be  completely  driven  off  by  the  application  of  heat. 
The  decomposition  of  the  salts  of  ammonia  by  the  pure  alkalies  or 
alkaline  earths,  may  be  adduced  as  an  example. 
On  result*      94.  The  influence  of  elasticity  in  determining  the  result  of  che- 
of chemical  mical  action  in  these  instances,  seems  owing  to  the  same  cause 
action,      which  enables  insolubility  to  be  productive  of  similar  effects.  Thus, 
on  mixing  hydrochlorate  of  ammonia  with  lime,  the  acid  is  divided 
between  the  two  bases;  some  ammonia  becomes  free,  which,  in 
consequence  of  its  elasticity,  is  entirely  expelled  by  a  gentle  heat. 
The  acid  of  the  remaining  hydrochlorate  of  ammonia  is  again  divided 
between  the  two  bases;  and  if  a  sufficient  quantity  of  lime  is  pre- 
sent, the  ammoniacal  salt  will  be  completely  decomposed. 

95.  The  influence  of  quantity  of  matter  over  affinity,  is  univer- 
Of  quantity  sally  admitted.  If  one  body  a  unites  with  another  body  b  in  several 
of  matter,  proportions,  that  compound  will  be  most  difficult  of  decomposition 

which  contains  the  smallest  quantity  of  b.  Of  the  three  oxides  of 
lead,  for  instance,  the  peroxide  parts  most  easily  with  its  oxygen 
by  the  action  of  heat;  a  higher  temperature  is  required  to  decom- 
pose the  red  oxide ;  and  the  protoxide  will  bear  the  strongest  heat 
of  our  furnaces  without  losing  a  particle  of  its  oxygen. 

96.  The  influence  of  quantity  over  chemical  attraction,  may  be 
Example.   further  illustrated  by  the  phenomena  of  solution.     When  equal 

weights  of  a  soluble  salt  are  added  in  succession  to  a  given  quantity 
of  water,  which  is  capable  of  dissolving  almost  the  whole  of  the  salt 
employed,  the  first  portion  of  the  salt  will  disappear  more  readily 
than  the  second,  the  second  than  the  third,  the  third  than  the  fourth, 
and  so  on.  The  affinity  of  the  water  for  the  saline  substance,  dimi- 
nishes with  each  addition,  till  at  last  it  is  weakened  to  such  a  degree 
as  to  be  unable  to  overcome  the  cohesion  of  the  salt.  The  process 
then  ceases,  and  a  saturated  solution  is  obtained.* 


*  Quantity  of  matter  is  employed  advantageously  in  many  chemical  operations.  If, 
for  instance,  a  chemist  is  desirous  of  separating  an  acid  from  a  metallic  oxide  by 
means  of  the  superior  affinity  of  potassa  for  the  former,  he  frequently  uses  rather 
more  of  the  alkali  than  is  sufficient  for  neutralizing  the  acid.  He  takes  the  precau- 
tion of  employing  an  excess  of  alkali,  in  order  the  more  effectually  to  bring  every 
particle  of  the  substance  to  be  decomposed  in  contact  with  the  decomposing  agent. 
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97.  But  Berthollet  attributed  n  much  greater  influence  to  quanti-   Sec*-  g; 
xv  of  matter.    It  was  the  basis  of  his  doctrine,  developed  in  the  Berthollet's 
istatique  Chimique,  that  bodies  cannot  be  wholly  separated  from  Tlcw»- 
each  other  by  the  affinity  of  a  third  substance  for  one  element  of  a 
compound  ;  and  to  explain  why  a  superior  chemical  attraction  does 

not  produce  the  effect  which  might  be  expected  from  it,  he  contend- 
ed that  quantity  of  matter  compensates  for  a  weaker  affinity. 

Berthollet  confounded  two  things,  namely,  force  of  attraction  and 
neutralizing  power,  which  are  really  different,  and  ought  to  be  held 
distinct.  M.  Dulong  has  also  found  that  the  principle  of  Berthollet 
is  not  in  accord  with  the  results  of  experiment,    t.  133. 

98.  The  influence  of  gravity  is  perceptible  when  it  is  wished  to  influence 
make  two  substances  unite,  the  densities  of  which  are  different.    In  of  &»rity, 
t  ease  of  simple  solution,  a  larger  quantity  of  saline  matter  is  found 

at  the  bottom  than  at  the  top  of  the  liquid,  unless  the  solution  shall 
have  been  well  mixed  subsequently  to  its  formation.  In  making  an 
alloy  of  two  metals,  which  differ  from  one  another  in  density,  a 
larger  quantity  of  the  heavier  metal  will  be  found  at  the  lower  than 
in  the  upper  part  of  the  compound  ;  unless  great  care  be  taken  to 
rounteract  the  tendency  of  gravity  by  agitation.  This  force  obvious- 
ly acts,  lika  the  cohesive  power,  in  preventing  a  sufficient  degree  of 
approximation. 

99.  Pressure  has  an  important  influence  upon  chemical  action.    It  of  pres- 
appears  to  operate  both  by  bringing  the  particles  into  closer  contact,  tore, 
and  by  inducing  elevation  of  temperature.    As  when  chlorate  of  po- 

tassa  and  phosphorus  are  ignited  by  percussion. 

100.  The  chemical  agency  of  galvanism,  and  the  effects  of  light  and  of| 
electricity,  will  be  most  conveniently  stated  in  other  parts  of  the, 
work.    t.  12^. 

101.  As  the  order  of  decomposition  is  not  always  a  satisfactory  Measure  of 
measure  of  the  force  of  affinity,  when  no  disturbing  causes  operate,  affinity, 
the  phenomena  of  decomposition  afford  a  sure  criterion  ;  but  when 

the  conclusions  obtained  in  this  way  are  doubtful,  assistance  may 
be  derived  from  other  sources.  The  surest  indications  are  procured 
by  observing  the  tendency  of  different  substances  to  unite  with  the 
same  principle,  under  the  game  circumstances,  and  subsequently  by 
marking  the  comparative  facility  of  decomposition  by  the  same  de- 
composing agent.  Thus,  on  exposing  silver,  lead,  and  iron,  to  air 
and  moisture,  the  iron  soon  rusts,  the  lead  is  oxidized  in  a  slight  de- 
gree only,  and  the  silver  resists  oxidation  altogether.  It  is  hence 
inferred  that  iron  has  the  greatest  affinity  for  oxygen,  lead  next,  and 
silver  the  least.  It  is  inferred  from  the  action  of  heat  on  the  carbo- 
nate of  potassa,  baryta,  lime,  and  oxide  of  lead,  that  potassa  has  a 
stronger  attraction  for  carbonic  acid  than  baryta,  baryta  than  lime, 
and  lime  than  oxide  of  lead. 

102.  Of  all  chemical  substances,  our  knowledge  of  the  relative  de- Of  acids 
grees  of  attraction  of  acids  and  alkalies  for  each  other  is  the  most  gjj  alkl' 
ancerlain.    Their  action  on  one  another  is  affected  by  so  many  cir- 
camstnnces,  that  it  is  in  most  cases  impossible,  with  certainty,  to  re- 
fer any  effect  to  its  real  cause,  t. 

103.  Substances  which  unite  chemically  have  been  found  to  do  so  Substances 
in  certain  proportions.    In  some  cases  they  are  united  in  a  great unitc  in 
many  proportions,  in  others  only  in  a  few.  In  a  few  instances  combi-  JJJJ^0' 


imnon- 


Digitized  by  Google 


24 


Attraction—  Chemical. 


Chap.  I.  nation  takes  place  unlimitedly  in  all  proportions  ;  in  others  it  occurs 
Unlimited,  in  every  proportion  within  a  certain  limit.  The  union  of  water  with 
alcohol  and  the  liquid  acids,  such  as  the  sulphuric,  hydrochloric,  and 
nitric  acids,  affords  instances  of  the  first  mode  of  combination  ;  the 
solutions  of  salts  in  water  are  examples  of  the  second.  One  drop 
of  sulphuric  acid  may  be  diffused  through  a  gallon  of  water, or  a  drop 
of  water  through  a  gallon  of  the  acid  ;  or  they  may  be  mixed  to- 
gether in  any  intermediate  proportions  ;  and  in  each  case  they  ap- 
pear to  unite  perfectly  with  each  other.  A  hundred  grains  of  water. 
Limited,  on  lfte  contrary,  will  dissolve  any  quantity  of  sea-salt  which  does 
not  exceed  forty  grains.  Its  solvent  power  then  ceases,  because  the 
cohesion  of  the  solid  becomes  comparatively  too  powerful  for  the 
force  of  affinity.  The  limit  to  combination  is  in  such  instances  ow- 
ing to  the  cohesive  power ;  and  but  for  the  obstacle  which  it  occa- 
sions, the  salt  would  most  probably  unite  with  water  in  every  pro- 
portion. 

Character  ^4.  All  the  substances  that  unite  in  many  proportions,  give  rise  to 
of  com-  compounds  which  have  this  common  character,  that  their  elements 
pounds  of  are  united  by  a  feeble  affinity,  and  preserve,  when  combined,  more 
poruoB»,°   or  leSS  °f lne  properties  which  they  possess  in  a  separate  state. 

105.  The  most  interesting  series  of  compounds  is  produced  by  sub- 
Of  few.  stances  which  unite  in  a  few  proportions  only  ;  and  which,  in  com- 
bining, lose  more  or  less  completely  the  properties  that  distinguish 
them  when  separate.  Of  these  bodies,  some  form  but  one  combi- 
nation. Others  combine  in  two  proportions.  Others  again  unite  in 
three,  four,  five,  or  even  six  proportions,  which  is  the  greatest  num- 
ber of  compounds  that  any  two  substances  are  known  to  produce, 
except  perhaps  carbon  and  hydrogen,  and  those  which  belong  to  the 
first  division. 

Law*.  106-  The  combination  of  substances  that  unite  in  a  few  propor- 

tions only,  is  regulated  by  the  three  following  remarkable  laws: — 
First  law.  *«  The  first  law  is,  that  the  composition  of  bodies  is  fixed  and 
invariable.  A  compound  substance,  so  long  as  it  retains  its  charac- 
teristic properties,  always  consists  of  the  same  elements  united  to- 
gether in  the  same  proportion.  Water  is  formed  of  1  part*  of  hy- 
drogen and  8  of  oxygen  ;  and  were  these  two  elements  to  unite  in 
any  other  proportion,  some  new  compound,  different  from  water, 
would  be  the  product.  The  same  observation  applies  to  all  other 
substances,  however  complicated,  arid  at  whatever  period  they  were 
produced.  This  law  is  universal  and  permanent.  Its  importance  is 
equally  manifest :  it  is  the  essential  basis  of  chemistry. 
How  ac  Wt»  Two  views  have  been  proposed  by  way  of  accounting  for  this 
ted  for  law.  The  explanation  now  universally  L'iven,  is  confined  to  a  mere 
statement,  that  substances  are  disposed  to  combine  in  those  propor- 
tions to  which  they  are  so  strictly  limited,  in  preference  to  any  oth- 
ers ;  it  is  regarded  as  an  ultimate  fact,  because  the  phenomena  are 
explicable  on  no  other  known  principle. 

The  tendency  of  bodies  to  utiite  in  definite  proportions  only,  is  so 
great  as  to  excite  a  suspicion  that  all  substances  combine  in  this 
way ;  and  that  the  exceptions  thought  to  be  afforded  by  the  pheno- 
mena of  solution,  are  rather  apparent  than  real. 

♦  By  the  expreaaioo  »  parta"  is 
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10S.  The  second  law  of  combination  is,  that  the  relative  quanti-   Sect,  h. 
ties  in  which  bodies  unite  may  be  expressed  by  proportional  num-  Second 
bers.    Thus,  8  parts  of  oxygen  unite  with  1  part  of  hydrogen,  16.1  l*w- 
of  sulphur,  35.42  of  chlorine,  39.6  of  selenium,  and  10S  parts  of 
silver.    Such  are  the  quantities  of  these  five  bodies  which  nre  dis- 
posed to  unite  with  8  parts  of  oxygen ;  and  it  is  found  that  when 
they  combine  with  one  another,  they  unite  either  in  the  proportions 
expressed  by  those  numbers,  or  in  multiples  of  them  according  to 
the  third  law  of  combination. 

109.  From  the  occurrence  of  such  proportional  numbers  has  aris-  EquiTa- 
en  the  use  of  certain  terms,  as  Proportion,  Combining  Proportion,  leoui  *c- 
Proportional,  and  Chemical  Equivalent,  or  Equivalent,  to  express 

them.  The  latter  term,  introduced  by  Wollaston,  was  suggested  by 
the  circumstance  that  the  combining  proportion  of  one  body  is, 
as  it  were,  equivalent  to  that  of  another  body,  and  may  be  substitu- 
ted for  it  in  combination.  . 

110.  This  law  does  not  apply  to  elementary  substances  only,  since  iTjJJTf 
compound  bodies  have  their  combining  proportions  or  equivalents, 
which  may  likewise  be  expressed  in  numbers.  Thus,  since  water  is 
composed  of  one  equivalent  or  8  parts  of  oxygen,  and  one  equiva- 
lent or  1  of  hydrogen,  its  combining  proportion  or  equivalent  is.  9. 
The  equivalent  of  sulphuric  acid  is  40.1,  because  it  is  a  compound 
of  one  equivalent  or  16.1  parts  of  sulphur,  and  three  equivalents  or 
24  parts  of  oxygen.  The  equivalent  number  of  potassium  is  39.15, 
and  as  that  quantity  combines  with  8  of  oxygen  to  form  potassa, 
the  equivalent  of  the  latter  is  39. 15-|-S=47. 15.  Now  when  these 
compounds  unite,  one  equivalent  of  the  one  combines  with  one,  two, 
three,  or  more  equivalents  of  the  other,  precisely  as  the  simple  sub- 
stances do.     The  equivalent  of  sulphate  of  potassa  will  therefore  be 

401+47.15=87.25. 

111.  The  composition  of  the  salts  affords  a  very  instructive  illus- 
tration of  this  subject;  and  to  exemplify  it  still  further,  a  list  of  the 
equivalents  of  a  few  acids  and  alkaline  bases  is  annexed : — 

Hydrofluoric  acid  19.68  Lithia  14.44 

Phosphoric  acid  71.4  Magnesia  20.7 

Hydrochloric  acid  36  42  Lime  28.5 

Sulphuric  acid  40.1  Soda  31.3 

Nitric  acid  54.15  Potassa  47.15 

Arsenic  acid  115.4  Strontia  51.8 

Selenic  acid  63.6  Baryta  76.7 

It  will  be  seen  at  a  glance  that  the  neutralizing  power  of  the  dif- 
ferent  alkalies  is  very  different ;  for  the  equivalent  of  each  base  ex- 
presses the  quantity  required  to  neutralize  an  equivalent  of  each  of 
the  acids.  Thus  14.44  of  lithia,  31.3  of  soda,  and  76.7  of  baryta, 
combine  with  54.15  of  nitric  acid,  forming  the  neutral  nitrates  of 
lithia,  soda,  and  baryta.  The  same  fact  is  obvious  with  respect  to 
the  acids  ;  for  71.4  of  phosphoric,  40.1  of  sulphuric,  and  115.4  of 
arsenic  acid  unite  with  76.7  of  baryta,  forming  a  neutral  phosphate, 
wlphate,  and  arseniate  of  baryta. 

112.  These  circumstances  afford  a  ready  explanation  of  a  curious  Neutral 
fact,  first  noticed  by  the  Saxon  chemist  Wenzel ;  namely,  that  when  < 
two  neutral  salts  mutually  decompose  each  other,  the  resulting  com- 

rinds  are  likewise  neutral.  The  cause  of  this  fact  is  now  obvious. 
71.4  parts  of  neutral  sulphate  of  aoda  are  mixed  with  130.85  of 
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I. 


nitrate  of  baryta,  the  76.7  parts  of  baryta  unite  with  40.1  of  sulphuric 
acid,  and  the  54.15  parts  of  nitric  acid  of  the  nitrate  combine  with 
the  31.3  of  soda  of  the  sulphate,  not  a  particle  of  acid  or  alkali 
rnaining  in  an  uncombined  condition. 


Third  law. 


Whole 


Sulphate  of  Soda. 
Sulphuric  acid       .  40.1 
Soda      .      .      .  313 


Nitrate  of  Baryta. 
54.15  Nitric  acid, 
7C.7  Baryta, 


71.4  130.85 

It  matters  not  whether  more  or  less  than  71.4  parts  of  sulphate 
of  soda  are  added  ;  for  if  more,  a  small  quantity  of  sulphate  of  so- 
da will  remain  in  solution  ;  if  less,  nitrate  of  baryta  will  be  in  ex- 
cess ;  but  in  either  case  the  neutrality  will  be  unaffected. 

113.  The  third  law  of  combination  is,  that  when  one  body  a 
unites  with  another  body  b  in  two  or  more  proportions,  the  quanti- 
ties of  the  latter,  united  with  the  same  quantity  of  the  former,  bear 
to  each  other  a  very  simple  ratio.  The  progress  of  chemical  re- 
search, in  discovering  new  compounds  and  ascertaining  their  exact 
composition,  has  shown  that  these  ratios  of  b  may  be  represented 
by  one  or  other  of  the  two  following  series  : — 

i  1st  Series,    a  unites  with  1,  2,  3,  4,  5,  &c.  of  b. 
2d  Series,    a  unites  with  1,  H.  2,  2£,  &c.  of  B. 

The  first  series  is  exemplified  by  the  subjoined  compounds  : 


Water  is  composed  of 
Binozide  of  hydrogen 
Carbonic  ozide 
Carbonic  acid 
Nitrous  oxide 
Nitric  oxide 
Hyponitrous  acid  . 
Nitrous  acid 
Nitric  acid 


Halfequir 


Hydrogen  1 
Do.  1 
Carbon  6.12 
Do.  6.12 
Nitrogen  14.15 
Do.  14.15 
Do.  14.15 
Do.  14.15 
Do.  14.15 

It  is  obvious  that  in  all  these  compounds  the  ratios  of  the  oxygen 
are  expressed  by  whole  numbers.  In  water  the  hydrogen  is  com- 
bined with  half  as  much  oxygen  as  in  the  binoxide  of  hydrogen,  so 
that  the  ratio  is  as  1  to  2.  The  same  relation  holds  in  carbonic 
oxide  and  carbonic  acid.  The  oxygen  in  the  compounds  of  nitron 
gen  and  oxygen  is  in  the  ratio  of  1,  2,  3,  4,  and  5.  In  like  manner 
the  ratio  of  sulphur  in  the  two  sulphurets  of  mercury,  and  that  of 
chlorine  in  the  two  chlorides  of  mercury,  is  as  1  to  2.  So,  in  bicar- 
bonate of  potassa,  the  alkali  is  united  with  twice  as  much  carbonic 
acid  as  in  the  carbonate  ;  and  the  acid  of  the  three  oxalates  of  po- 
tassa is  in  the  ratio  of  1,  2,  and  4. 

The  following  compounds  exemplify  the  second  series  : — 

Protoxide  of  iron  consists  of  Iron 

Sesquioxide  or  Poroxide  .  Do. 

Protoxide  of  manganese  . 
Sesquioxide*  .Do. 

Binoxide  .  Do. 
Arsenious  acid 

Arsenic  acid  .         .  Do. 

Hypophosphorous  acid  .  .  Phosphorus 

Phosphorous  acid  .  Do. 

Phosphoric  acid  .  Do. 

*  The  Latin  sexqui,  one  and  a  h&lfj  is 
&c.,  are  as  1  to  la  or  as  2  to  3. 
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Both  of  these  series,  which  together  constitute  the  third  law  of  Sect,  g. 
combination,  result  naturally  from  the  operation  of  the  second  law. 
The  first  series  arises  from  one  equivalent  of  a  body  uniting  with 
1,  2,  3,  or  more  equivalents  of  another  body.    The  second  series  is 
a  consequence  of  two  equivalents  of  one  substance  combining  with 
3.  5,  or  more  equivalents  of  another.    Thus  if  two  equivalents  of 
phosphorus  unite  both  with  3  and  with  5  equivalents  of  oxygen,  we 
obtain  the  ratio  of  H  to  2i  ;  and  should  one  equivalent  of  iron  com- 
bine with  one  of  oxygen,  and  another  compound  be  formed  of  two 
equivalents  of  iron  to  three  of  oxygen,  then  the  oxygen  united  with 
the  same  weight  of  iron  would  have  the  ratio,  as  in  the  table,  of  1 
toll.    Still  more  complex  arrangements  will  be  readily  conceived,  B|ore 
inch  as  3  equivalents  of  one  substance  to  4,  5,  or  more  of  another,  plex 
But  it  is  remarkable  that  combinations  of  the  kind  are  very  rare  ijjj^f*" 
and  even  their  existence,  though  theoretically  possible,  has  not  been 
decidedly  established.* 

114.  The  utility  of  being  acquainted  with  these  important  laws  isAdvanta- 
almost  too  manifest  to  require  mention  Through  their  aid,  and  byj^^lneM 
remembering  the  equivalents  of  a  few  elementary  substances,  the 
composition  of  an  extensive  range  of  compound  bodies  may  be  cal- 
culated with  facility.  Thus,  by  knowing  tnat  6.12  is  the  equivalent 
of  carbon  and  8  of  oxygen,  it  is  easy  to  recollect  the  composition  of 
carbonic  oxide  and  carbonic  acid  ;  the  first  consisting  of  6.12  parts 
of  carbon  -f"  8  of  oxygen,  and  the  second  of  6.12  carbon  -j-  16  of 
oxygen.  The  equivalent  of  potassium  is  39.15;  and  polassa,  its 
protoxide,  is  composed  of  39.15  of  potassium  -}~  8  of  oxygen.  From 
these  few  data,  we  know  at  once  the  composition  of  carbonate  and 
bicarbonate  of  potassa;  the  former  being  composed  of  22.12  parts 
of  carbonic  acid  -}-  47.15  potassa,  and  the  latter  of  44.24  carbonic 
acid  +  47.15  potassa.  This  method  acts  as  an  artificial  memory, 
the  advantage  of  which,  compared  with  the  common  practice  of 
staling  the  composition  in  100  parts,  will  be  manifest  by  inspecting 
the  following  quantities,  and  attempting  to  recollect  them. 

Carbonie  Oxide.  Carbonic  Acid. 

Carbon  42.86        ....  27.27 

Oxygen  57.14  .  72.73 

Carbonate  of  Potassa.  Bicarbonate  of  Potassa. 

Carbonic  acid  31.43  .  47.83 
Potaoa  68.57        .       .  52  17 

From  the  same  data,  calculations,  which  would  otherwise  be  diffi- 
cult or  tedious,  may  be  made  rapidly  and  with  ease,  without  refcr- 

•  The  merit  of  establishing  the  6rst  law  of  cnrohinntion  perms  justly  due  to  Wea- 
sel, a  Sax  on  chemist ;  and  the  second  law  is  also  deducible  from  nis  experiments  on 
the' composition  of  the  salts.  His  work,  entitled  I*hre  drr  Ycneandtschq/l,  was  pub- 
ashed  in  1777.  The  late  Mr  Higgins,  also,  in  1799,  speculated  on  the  atomic  consti- 
tution of  compound  bodies;  but  it  is  to  Dalton*  that  we  are  indebted  for  a  theory  of 
chemical  union,  embracing  the  whole  science,  and  living  it  a  consistency  and  form 
which  before  his  lime  it  had  neTcr  possessed.  Of  all  who  hare  successfully  laboured 
in  establishing  the  laws  of  combination,  the  most  splendid  contribution  is  that  of  the 
celebrated  Berzehus. 

•  A'cu»  System  of  Chem.  Philos.  1806. 
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chap,  i.  ence  to  books,  and  frequently  by  a  simple  mental  process.  The  ex- 
Uses,  act  quantities  of  substances  required  to  produce  a  given  effect  may 
be  determined  with  certainly,  thus  affording  information  which  it 
often  necessary  to  the  success  of  chemical  processes,  and  of  great 
consequence  both  in  the  practice  of  the  chemical  arts,  and  in  the 
operations  of  pharmacy. 
In  analysis.  The  same  knowledge  affords  a  good  test  to  the  analyst  by 

which  he  may  judge  of  the  accuracy  of  his  result,  and  even  some- 
times correct  an  analysis  which  he  has  not  the  means  of  performing 
with  rigid  precision.  Thus  a  powerful  argument  for  the  accuracy 
of  an  dialysis  is  derived  from  the  correspondence  of  its  result  with 
the  laws  of  chemical  union.  On  the  contrary,  if  it  form  an  excep- 
tion to  them,  we  are  authorized  to  regard  it  as  doubtful ;  and  may 
hence  be  led  to  detect  an  error,  the  existence  of  which  might  not 
otherwise  have  been  suspected.  If  an  oxidized  body  be  found  to 
contain  one  equivalent  of  the  combustible  with  7.99  of  oxygen,  it  is 
fair  to  infer  that  8,  or  one  equivalent  of  oxygen,  would  have  been 
the  result,  had  the  analysis  been  perfect. 

The  composition  of  a  substance  may  sometimes  be  determined  by 
a  calculation,  founded  on  the  laws  of  chemical  union,  before  an 
analysis  of  it  has  been  accomplished. 
Numbers  '^ne  mctnoa<  °f  determining  equivalent  numbers  will  be  an- 

how  deter-  ticipated  from  what  has  already  been  said.  The  commencement  is 
mined.  made  by  carefully  analyzing  a  definite  compound  of  two  simple  sub- 
stances which  possess  an  extensive  range  of  affinity.  Thus  water, 
a  compound  of  oxygen  and  hydrogen,  is  found  to  contain  8  parts  of 
the  former  to  1  of  the  latter ;  and  if  it  be  assumed  that  water  con- 
sists of  one  equivalent  of  oxygen  and  one  of  hydrogen,  the  relative 
weights  of  these  equivalents  will  be  as  8  to  1.  The  chemist  then 
selects  for  analysis  such  compounds  as  he  believes  to  contain  one 
equivalent  of  each  element,  in  which  either  oxygen  or  hydrogen, 
but  not  both,  is  present.  Carbonic  oxide  and  hydrosulphuric  acid 
are  suited  to  his  purpose:  as  the  former  consists  of  8  parts  of 
oxygen  and  6.12  of  carbon,  and  the  latter  of  1  part  of  hydrogen  and 
16.1  of  sulphur,  the  equivalent  of  carbon  is  inferred  to  be  6.21,  and 
that  of  sulphur  16.1.  The  equivalents  of  all  the  other  elements 
may  be  determined  in  a  similar  manner.* 
Essential  117.  Since  the  equivalents  merely  express  the  relative  quantities 
P0101-  of  different  substances  which  combine  together,  it  is  in  itself  imma- 
terial what  figures  are  employed  to  express  them.    The  only  essen- 


*  In  researches  on  chemical  equivalents  there  are  two  kinds  of  difficulty,  one  in- 
volved in  the  processes  for  ascertaining  the  exact  composition  of  compounds,  and  the 
other  in  the  selection  of  the  compounds  which  contain  single  equivalents.  Impor- 
tant general  precautions  in  the  experimental  part  of  the  subject  are  the  following: — 
I,  to  exert  scrupulous  care  about  the  purity  of  materials  ;  a,  to  select  methods  which 
consist  of  a  few  simple  operations  only  ;  3,  to  repeal  experiments,  and  with  mate- 
rials prepared  at  different  times;  4,  to  arrive  at  the  same  conclusion  by  two  or  more 
processes  independent  of  each  other.  In  the  selection  of  compounds  of  single  equiv- 
alents, there  are  several  circumstances  calculated  to  direct  the  judgment ;  lor  which 
see  Turner's  Elements  qf  Chemistry ,  p.  139.  The  ready  decomposition  hy  galvan- 
ism, observed  by  Faraday,  of  compounds  which  consist  *of  single  equivalents,  and 
the  resistance  to  the  same  agent  of  many  others  not  so  constituted,  promises  to  be- 
come an  indication  of  great  valne  in  determining  equivalent  numbers. 
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tial  point  is,  that  the  relation  should  be  strictly  observed.  Thus,  g*t 
the  equivalent  of  hydrogen  may  be  assumed  as  10;  but  then 
oxygen  must  be  80,  carbon  61.2  and  sulphur  16.1.  We  may  call  hy- 
drogen 100  or  1000 ;  or,  if  it  were  desirable  to  perplex  the  subject  as 
much  as  possible,  some  high  uneven  number  might  be  selected,  pro- 
vided the  due  relation  between  the  different  numbers  were  faithful- 
ly preserved.  But  such  a  practice  would  effectually  do  away  with 
the  advantage  above  ascribed  to  the  use  of  equivalents;  and  it  is 
the  object  of  every  one  to  employ  such  as  are  simple,  that  their  re- 
lation may  be  perceived  by  mere  inspection.  Thomson  makes 
oxygen  1,  so  that  hydrogen  is  eight  times  less  than  unity,  or  0.126, 
carbon  0.75,  and  sulphur  2.  Wollaston,  in  his  scale  of  chemical 
equivalents,  estimated  oxygen  at  10;  and  hence  hydrogen  is  1.25,  Unit, 
carbon  7.5  and  so  on.  According  to  Berzelius,  oxygen  is  100.  And 
lastly,  several  other  chemists,  such  as  Dalton,  Davy,  Henry,  and 
others,  selected  hydrogen  as  their  unit ;  and,  therefore,  the  equiva- 
lent of  oxygen  is  8.  One  of  these  series  may  be  reduced  to  either 
of  the  others  by  an  obvious  and  simple  calculation.  The  numbers 
adopted  in  this  work  refer  to  hydrogen  as  unity,    t.  mi. 

119.  These  equivalent  numbers,  when  once  well  ascertained  and  Wollas-' 
arranged  in  a  tabular  form,  become  a  safe  and  invaluable  source  of 
information  to  the  chemist.  By  adapting  a  table  of  this  sort  to  a 
moveable  scale,  on  the  principle  of  Gunter's  sliding  rule,  Wol- 
laston constructed  a  logometric  scale  of  chemical  equivalents, 
which  is  capable  of  solving  with  great  facility  many  problems  of 
chemistry.* 

119.  To  account  for  the  laws  observed  with  regard  to  the  definite  Atomic 
combinations  of  bodies,  Dalton  proposed  what  may  be  termed,  the theory' 
atomic  theory  of  the  chemical  constitution  of  bodies.    The  laws 
themselves  are  the  deductions  from  experiment,  the  mere  expression 

of  the  facts,  and  are  not  necessarily  connected  with  any  speculation. 

120.  Two  opposite  opinions  have  long  existed  concerning  the  Atoms, 
ultimate  elements  of  matter.    It  is  supposed,  according  to  one  party,  wnal« 
that  every  particle  of  matter,  however  small,  may  be  divided  into 
smaller  portions,  provided  our  instruments  and  organs  were  adapted 

to  the  operation.  Their  opponents  contend,  on  the  other  hand,  that 
matter  is  composed  of  certain  ultimate  particles  or  molecules,  which 
by  their  nature  are  indivisible,  and  are  hence  termed  atoms  (from  a 
not  and  TP/ureir  to  cut).  These  opposite  opinions  have  from  time  to 
time  been  keenly  contested,  and  the  progress  of  modern  che- 
mistry has  revived  attention  to  this  controversy.  We  have  only 
to  assume  with  Dalton,  that  all  bodies  are  composed  of  ulti- 
mate atoms,  the  weight  of  which  is  different  in  different  kinds  of 
matter,  and  we  explain  at  once  the  foregoing  laws  of  chemical 
union  ;  and  this  mode  of  reasoning  is,  in  the  present  case,  almost 
decisive,  because  the  phenomena  do  not  appear  explicable  on  any 
other  supposition. 

121.  According  to  the  atomic  theory,  every  compound  is  formed 

*  For  description  of  this  instrument,  and  a  table  of  chemical  equivalents  of  elemen- 
tary substances,  see  Appendix.   See  also  Faraday's  Chemical  Manipulation. 
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ChAP-  L  of  the,  atoms  of  its  constituents.  An  atom  of  A  may  unite  with  one, 
Form  com-  two,  three,  or  more  atoms  of  B.  Thus  supposing  water  to  be  com- 
pounds, nosed  of  one  atom  of  hydrogen-and  one  atom  of  oxygen,  binoxide  of 
hydrogen  will  consist  of  one  atom  of  hydrogen  and  two  atoms  of 
oxygen.  If  carbonic  oxide  is  formed  of  one  atom  of  carbon  and  one 
atom  of  oxygen,  carbonic  acid  will  consist  of  one  atom  of  carbon  and 
two  atoms  of  oxygen. 

If,  in  the  compounds  of  nitrogen  and  oxygen  enumerated  at  (page 
26,)  the  first  or  protoxide  consist  of  one  atom  of  nitrogen  and  one 
atom  of  oxygen,  the  four  others  will  be  regarded  as  compounds  of 
one  atom  of  nitrogen  to  two,  three,  four,  and  five  atoms  of  oxygen. 
From  these  instances  it  will  appear,  that  the  law  of  multiple  propor- 
tions is  a  necessary  consequence  of  the  atomic  theory.  There  is  also 
no  apparent  reason  why  two  or  more  atoms  of  one  substance  may 
not  combine  with  two,  three,  four,  five,  or  more  atoms  of  another  ; 
but,  on  the  contrary,  these  arrangements  are  necessary  in  explana- 
tion of  the  not  unfrequent  occurrence  of  half  equivalents,  as  formerly 
stated.   (Page  27.)   Such  combinations  will  also  account  for  the 
complicated  proportion  noticed  in  certain  compounds,  especially  in 
many  of  those  belonging  to  the  animal  and  vegetable  kingdom. 
Use  of  the     122.  In  consequence  of  the  satisfactory  explanation  which  the  laws 
term  atom.  0f  chemical  union  receive  by  means  of  the  atomic  theory,  it  has 
become  customary  to  employ  the  term  atom  in  the  same  sense  as 
combining  proportion  or  equivalent.    For  example,  instead  of  de- 
scribing water  as  a  compound  of  one  equivalent  of  oxygen  and  one 
equivalent  of  hydrogen,  it  is  said  to  consist  of  one  atom  of  each 
element.    In  like  manner  sulphate  of  potassa  is  said  to  be  formed  of 
one  atom  of  sulphuric  acid  and  one  atom  of  potassa  ;  the  word  in  this 
case  denoting  as  it  were  a  compound  atom,  that  is,  the  smallest  inte- 
gral particle  of  the  acid  or  alkali, — a  particle  which  does  not  admit 
of  being  divided,  except  by  the  separation,  of  its  elementary  or  con- 
stituent atoms.    The  numbers  expressing  the  proportions  in  which 
bodies  unite,  must  likewise  indicate,  consistently  with  this  view,  the 
relative  weights  of  atoms ;  and  accordingly  these  numbers  are  often 
Atomic     called  atomic  weights.    Thus,  as  water  is  composed  of  8  parts  of  oxy- 
weight.     gcn  anj  i  0f  hydrogen,  it  follows,  on  the  supposition  of  water 
consisting  of  one  atom  of  each  element,  that  an  atom  of  oxygen  must 
be  eight  times  as  heavy  as  an  atom  of  hydrogen.    If  carbonic  oxide 
be  formed  of  an  atom  of  carbon  and  an  atom  of  oxygen,  the  relative 
weight  of  their  atoms  is  as  6.12  to  8 ;  and  in  short  the  chemical 
equivalents  of  all  bodies  may  be  considered  as  expressing  the  rela- 
tive weights  of  their  atoms. 
Arguments     123.  The  arguments  in  favour  of  the  atomic  constitution  of  matter 
in  support  become  much  stronger,  when  we  trace  the  intimate  connexion  which 
of  the  the-  8UDSjstSj  among  many  substances,  between  their  crystalline  form  and 
chemical  composition.    The  only  mode  of  satisfactorily  accounting 
for  the  striking  identity  of  crystalline  form  observable,  first,  between 
two  substances,  and  secondly,  between  all  their  compounds,  which 
have  an  exactly  similar  composition,  is  by  supposing  them  to  consist 
of  ultimate  particles,  possessed  of  the  same  figures,  and  arranged  in 
precisely  the  same  order.    The  phenomena  presented  by  isomor- 
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phous  bodies  (50),  afford  a  powerful  argument  in  favour  of  the  atomic  ggg;  n. 
theory.*  T.  413. 

124.  Soon  after  the  publication  of  Dalton's  views  of  the  atomic  Theory  of 
constitution  of  bodies,t  a  paper  appeared  by  Gay-Lussac,l  in  which  volumes, 
he  proved  that  gases  unite  together  by  volume  in  very  simple  and 
definite  proportions.    It  was  found  that  water  is  composed  precisely 

of  100  measures  of  oxygen  gas  and  200  measures  of  hydrogen  ;  and 
Gay-Lussac,  being  struck  by  this  peculiary  simple  proportion,  was 
induced  to  examine  the  combinations  of  other  gases,  with  the  view 
of  ascertaining  if  any  thing  similar  occurred  in  other  instances. 

The  first  compounds  which  he  examined  were  those  of  ammoniacal 
gas  with  hydrochloric,  carbonic,  and  fluoboric  acid  gases.  100  vo- 
lumes of  the  alkali  were  found  to  combine  with  precisely  100  volumes 
of  hydrochloric  acid  gas,  and  they  could  be  made  to  unite  in  no  other 
ratio.  With  both  the  other  acids,  on  the  contrary,  two  distinct  com- 
binations were  possible.    These  are 

100  Fluoboric  aoid  gas,  with  100  Arotnoniacai  gas. 
100  do.  200     .  do. 

100  Carbonic  acid  gas  100  do. 

100  do.  200  do. 

Various  other  examples  were  quoted,  both  from  his  own  experi- 
ments and  from  those  of  others,  all  demonstrating  the  same  fact 

125.  From  these  and  other  instances  Gay-Lussac  established  tneunionof 
fact,  that  gaseous  substances  unite  in  the  simple  ratio  of  1  to  1,  1  to  gases. 

2,  1  to  3,  Sec. ;  and  this  original  observation  has  been  confirmed  by 
a  multiplicity  of  experiments.  Nor  does  it  apply  to  gases  merely, 
bat  to  vapours  also. 

126.  Another  remarkable  fact  established  by  Gay-Lussac  in  theofcom. 
aame  essay-  is,  that  the  volumes  of  compound  gases  and  vapours  pound 
always  bear  a  very  simple  ratio  to  the  volumes  of  their  elements.  W**' 
Thus, 

Volume*  of  Element*.  Volume*  of  resulting  Compound*. 

100  Nitrogen  gaa  -f-    300  Hydrogen  gas  yield    200  Ammoniacal  gas. 

50  Oxygen    "    -j-    100  Hydrogen  M  .    .    .  100  Water. 

50  Oxygen    "  100  Nitrogen    "...  100  Protoxide  of  nitrogen  gas. 

100  Ch  lorine  u  4-  100  Hydrogen  "...  200  Hydrochloric  acid  " 
100  Iodine  "  --  100  Hydrogen  "  .  .  .  200  Hydriodic  acid  " 
100  Oxygen    "    -f-    100  Nitrogen    "...  200  Bmoxide  of  nitrogen  " 


*  Dillon  supposes  that  tbe  atoms  of  bodies  are  spherical ;  and  he  has  invented  cer- 
tain symbols  to  represent  the  mode  in  which  he  conceives  they  may  combine  together, 
ss  illustrated  by  the  following  figures  : 

0  Hydrogen.  O  Oxygen. 

G>  Nitrogen.  %  Carbon. 

BIN  AS  Y  COMPOUNDS. 

O  0  Water. 

O  •  Carbonic  oxide. 

TERNARY  COMPOUNDS. 

OOO  Binoxide  of  hydrogen. 
O  •  O  Carbonic  scid\ 
&c.  tic  tic. 

AJI  substances  containing  only  two  atoms  he  called  binary  compounds  ;  those  com- 
posedof  three  atoms,  ternary  compounds;  of  four,  quaternary,  See.  For  a  more  full 
•cwant  of  tbe  doctrine  of  atoms,  see  Daubeny  on  the  Atomic  Theory,  and  Prom's 
underwater  Trtati*t. 

t  New  System  of  Chcm   I'       .ISO©.  *  Mem.  aVArcueil. 


« 


32 


Aitit action —  Chemical. 


Chap.  I. 


The  law  of  multiples  (page  26)  is  equally  demonstrable  by  means 
Combining  of  combining  volumes  as  by  combining  weights.  Thus, 
volume*.  Volumes  of  Element*.  Resulting 


100  Nitrogon 
100  do. 
100  do. 
100  do. 
100  do. 
100  Hydrogen 
100  do. 


i 

+ 

1 00  Carbon  vapour  -f- 
100     do  + 

It  thus  appears  that  the  laws  of  combination  may  equally  well  be 
deduced  from  the  volumes  as  from  the  weights  of  the  combining 
substances,  and  that  the  composition  of  gaseous  bodies  may  be  ex- 
pressed as  well  by  measure  as  weight. 
Table  of       127.  The  following  table  exhibits  a  view  of  equivalent  weights  and 
equivalent  volumes,  to  which  are  added  the  respective  specific  gravities  in  rela- 
weights,    tion  bolh  tQ  ajr  an(j  hydrogen. 


50  Oxygen 

100 

do. 

150 

do. 

200 

do. 

260 

do. 

50 

do. 

100 

do. 

50 

do. 

100 

do. 

Compound*- 

Protoxide  of  nitrogen. 
Binoxide  of  nitrogen. 
Hyponitrous  acid. 
Nitrous  acid. 
Nitric  acid. 
Water. 

Binoxide  of  hydrogen. 
Carbonic  oxide. 
Carbonic  acid. 


Gabes  and  Vapoubs. 


Hydrogen, 

Nitrogen,  .... 
Cblonoe, 

Carbon,  (hypothetical), 
Iodine,  - 
Bromine,  - 
Water,  • 

Alcohol,  .... 
Sulphuric  ether, 
Light  carburetted  hydrogen, 
Olcfiantgas, 
Carbonic  oxide, 
Carbonic  acid,  - 
Protoxide  of  nitrogen, 
Sulphurous  acid, 
Sulphuric  acid,  (anhydrous) 
Cyanogen,  - 
Hydrosulphuric  acid, 

Binoxide  of  nitrogen,  - 
Mercury, 

Ammonia,  •      *  * 
Hydrochloric  acid,  - 
Hydriotlic  acid,  - 
Hydrohromic  acid,  - 
Hydrocyanic  acid, 
Arseniuretted  hydrogen,  - 
Sesquichloride  of  arsenic,  - 
Sesqu iodide  of  arsenic,  - 
Protochloride  of  mercury,  - 
Bichloride  of  mercury,  - 
Bromide  of  mercury,  - 
Bibromide  of  mercury,  - 
of  mercury, 


Oxvgen, 
Arsenious  acid, 
Phosphorus, 
Arsenic,  -   ,  - 
Sulphur,  - 
hisulphuret  ol 


Specific  Grariuca. 

LA  [UIV  <U(  Ills. 

Air  o.h  1. 

llvilrucen  an  1 . 

By  Vol. 

By  Weight. 

i  no 

1  .UV 

inn 

1 

0.97*7 

14.10 

1  '.'1,1 

2.4700 

35.42 

35  42 

r.  1 1 

1  on 

6  12 

8.7020 

126.30 

i  nn 

L  V" 

126  3 

6.4017 

78.40 

100 

78.4 

0.6201 

900 

mo 

9, 

1.6009 

23.24 

100 

23.24 

2.5817 

37.48 

100 

37.48 

0.5593 

8.12 

100 

8.12 

0.9S08 

14.24 

100 

14.24 

0.9727 

14.12 

100 

14.12 

1.5239 

22.12 

100 

22.12 

1.5239 

22.15 

100 

22.15 

2  2117 

32.10 

100 

32.1 

2.7629 

40.10 

100 

40.1 

1.8157 

26.39 

100 

26.39 

1.1782 

17.10 

100 

17.1 

1.0375 

15.75 

200 

30.15 

6.95S9 

101.00 

200 

202. 

0.6897 

8.75 

200 

17.15 

1 .2694 

18.21 

200 

36.42 

4.3854 

63.65 

200 

127.3 

2  7353 

39.70 

200 

79.4 

0.9423 

13.95 

200 

27.39 

2.7008 

39.20 

200 

78.4 

6  3025 

90.83 

200 

181.66 

15.6505 

227.15 

200 

454.3 

8.1939 

118.71 

200 

237.42 

9.4289 

136.42 

200 

272.84 

9.6597 

140  20 

800 

280.4 

12.3606 

179  40 

200 

358.8 

16.6609 

227.30 

200 

464.6 

1.1024 

16.00 

50 

8. 

13.6972 

198.80 

50 

99.4 

4.3269 

62.80 

25 

15.7 

10.3901 

150.80 

25 

37.7 

6.6558 

96.60 

16.66 

16.1 

6.3785 

78.06 

300 

234.2 
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128.  From  the  examination  of  the  table  it  will  be  seen,  1st,  that  Secuii. 
the  combining  volumes  are  either  equal,  or  in  the  simple  ratio  of  1  to  Ratios  of 
2,  1  to  3,  &c.    The  same  simplicity  rarely  exists  among  the  cqu'va*  J°JJm™ng 
lent  weights.    2.  The  specific  gravities  and  weights  of  the  18  first 
substances  are  seen  to  be  identical.    As  these  have  the  same  uuiiin^  i,j,.ntity  of 
volume  as  hydrogen,  the  assumed  unit,  and  as  the  specific  gravities  specific 
are  merely  the  weights  of  equal  volumes,  the  numbers  in  the  column  fJJTilie* 
of  specific  gravities  and  those  in  the  column  of  weights  coincide.  3.  weight*. 
The  identity  in  the  equivalent  volumes  of  the  elementary  gases, 
hydrogen,  nitrogen,  and  chlorine,  led  to  the  notion  that  the  equivalent 
volumes  of  most  other  elements  might  also  be  identical.    Assuming  spedAc 
that  identity,  the  specific  gravity,  for  example,  of  the  elements  gravity 
hydrogen,  carbon,  and  sulphur,  in  a  gaseous  state,  may  easily  be  calculated, 
calculated.    Thus,  taking  1,  6.12,  and  16.1  as  the  equivalents  of 
hydrogen,  carbon,  and  sulphur,  their  specific  gravities  in  the  gaseous 

state,  supposing  combining  volumes  equal,  will  be  in  the  same  ratio 
of  1,  6.12  and  16.1.  But  such  hypothetical  numbers  cannot  be 
always  confided  in  ;  the  real  specific  gravity  of  a  vapour  is,  in 
some  cases,  as  much  greater  than  the  hypothetical,  as  its  equivalent 
volume  is  less  than  that  of  hydrogen.* 

129.  The  tables  supply  materials  for  calculating  the  specific  gra-  Specific 
vity  of  compound  gases,  and  of  verifying  the  accuracy  of  other  con-SJ^und 
elusions  respecting  their  composition.     The  specific  gravities  of  gases  cal- 
ccrtain  gases  being  known,  together  with  their  uniting  proportions  culated. 
by  volumes,  and  the  resulting  volume,  we  can  easily  deduce  the 
weight  of  100  volumes  of  the  compound  gas  that  may  be  formed. 

130.  We  can  assume  the  specific  gravity  as  the  weight  of  100 
Tolumes,  or  the  weight  of  100  volumes  as  the  specific  gravity  when 
the  number  of  volumes  is  100  ;  then  60  volumes  may  be  indicated  by 
one  half,  25  by  a  fourth,  and  16.66  by  a  sixth  of  the  specific  gravity 
of  100  volumes.  Thus  the  specific  gravity  of  hydrosulphuric  acid 
gas  will  be  that  of  its  constituents,  viz.  of  100  volumes  of  hydrogen 
-j-  ith  of  100  volumes  of  the  vapour  of  sulphur.t 

131.  As  vapours  are  easily  condensed  by  cold,  and  in  many  cases 
exist  as  such  only  at  high  temperatures,  their  specific  gravities  may 
often  be  obtained  by  calculation  more  accurately  than  by  experiment. 

132.  The  impracticability  of  contriving  convenient  names  cxpres- 
sive  of  the  constitution  of  chemical  compounds,  suggested  the  em- 
ployment of  symbols  as  an  abbreviated  mode  of  denoting  the  compo- Chemical 
tition  of  bodies.     The  symbols  contrived  by  Berzelius  are  nowsymbo11- 
extensively  used  by  chemists  and  mineralogists.    These  are  also 

called  chemical  formula,  and  it  is  important  that  the  chemical  stu- 
dent should  not  be  unacquainted  with  them.  The  following  table 
includes  the  symbols  of  the  elementary  substances  according  to 
Berzelius. 


•The  identity  in  the  equivalent  volumes  of  hydrogen,  nitrogen,  and  chlorine,  sug- 
gested the  idea  that  the  atoms  of  all  the  elements  are  of  the  same  magnitude,  and 
equal  volumes  of  the  elements  in  a  gaseous  state  wera  supposed  to  contain  an  equal 
Bomber  of  atoms.  The  late  researches  of  Dumas  and  Mitscherlich  have  shown  that 
Una  ia  not  the  (act.  t  For  farther  examples  see  Turner's  Chemutryy  147. 
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TABLE  OP  SYMBOLS. 


Explana- 
tion. 


Elements. 

Symb 

A  1  nmin  1 11  m 

Al 

ill 

Antimnnv  ( Stibium") 

Sb 

Arsenic 

As 

Dai  lUiii    •  ■ 

n. 

I>o 

Bismuth 

■  '  1  Jill  VJ  k  L A 

Bi 

Boron 

B 

Bromine 

Br 

Cadmium 

Cd 

Calcium 

Ca 

Carbon  - 

C 

Cerium 

Ce 

Chlorine  - 

CI 

Chromium  • 

Cr 

Cobalt  - 

Co 

Columbium  (Tanta- 

lum) 

Ta 

Copper  (Cuprum) 

Cu 

Fluorine 

P 

Glucinium 

a 

Elements. 


Gold  (Aurum)  - 

Hydrogen 

Iodine 

Iridium  - 

Iron  (ferrum) 

Lead  (Plumbum) 

Lithium 

Magnesium 

Manganese 

Mercury  (Hydrargy 

rum) 
Molybdenum 
Nickel  - 
Nitrogen 
Osmium  • 
Oxygen 
Palladium 
Phosphorus  ♦ 
Platinum  - 


Symb. 


Elements. 


Au 

H 

I 

It 

Fe 

Pb 

L 

Mg 

Mn 

Hf 

Mo 

Ni 

N 

Os 

O 

Pd 

P 

Pt 


Potassiam  (Kalium) 
Rhodium  - 
Selenium 
Silicium 

Silver  (Areentum) 
Sodium  (Natrium) 
Strontium  - 
Sulphur  - 
Tellurium  - 
Thorium  - 
Tin  (Stannam) 
Titanium 

Tungsten  (Wolfram) 
Uranium 
Vanadium 
Yttrium 
Zinc 

Zirconium  - 


Symb. 


K 
R 
Se 

Si 

Ag 
Na 

Sr 

S 

Te 

Th 

Sn 

Ti 

W 

V 

V 

Y 

Zn 

Zr 


The  foregoing  symbols  are  intended  to  represent  the  chemical 
equivalents  of  the  elements.  Thus,  the  letters  H,  I,  and  Ba,  stand 
for  one  equivalent  of  hydrogen,  iodine,  and  barium ;  and  2H,  3H, 
and  4H,  for  2,  3,  and  4  equivalents  of  hydrogen.  Two  equivalents 
of  an  element  are  often  denoted  by  placing  a  dash  through,  or  more 
commonly  under  its  symbol :  thus,  H  means  2H,  and  P  signifies 

2P.  Certain  compounds  are  often,  for  the  sake  of  brevity,  denoted 
by  single  symbols  in  the  same  manner  as  the  elements  ;  thus,  an 
equivalent  of  water,  ammonia,  and  cyanogen,  is  sometimes  expressed 
by  Aq,  Am,  and  Cy;  but  in  general  the  formulae  for  compound  bo- 
dies are  so  contrived  as  to  indicate  the  elements  they  contain,  and 
the  mode  in  which  they  are  united.  This  may  be  done  in  several 
ways ;  but  that  which  first  suggests  itself,  is  to  connect  together  the 
symbols  bv  the  same  signs  as  are  used  in  Algebra.  Thus  the  for- 
mulae K+"0,  Ca+O,  Ba+ 0,  Mn+O,  Fe+O,  2Fe+ 30,  3H+N, 
2H+2C,  C+20,  N-f  50,  S-j-30,and  H-f  CI,  denote  single  equiva- 
lents of  potassa,  lime,  baryta,  protoxide  of  manganese,  protoxide  of  iron, 
sesquioxide  of  iron,  ammonia,  olefiant  gas,  carbonic  acid,  nitric  acid, 
sulphuric  acid,  and  hydrochloric  acid.  The  formula  K-f-N-f-f30  indi- 
cates the  elements  which  are  contained  in  an  equivalent  of  nitrate  of 
potassa :  in  order  to  express  further  that  the  potassium  is  combined  with 
only  one  equivalent  of  oxygen,  the  remaining  oxygen  with  the  nitro- 
gen, and  the  potassa  with  nitric  acid,  the  symbols  are  placed  thus,— 
(K-|-0)-}-(N-}-50),  the  brackets  containing  the  symbols  of  those  ele- 
ments which  are  supposed  to  be  united.  A  number  placed  on  the  out- 
side of  a  bracket,  multiplies  the  compound  within  it :  thus  (K-f-O)-}- 
(S+ 30)  is  sulphate  of  potassa,  and  (KH-O)-f  2(S+30)  is  the  bisul- 
phate.  All  the  elements  contained  in  a  compound  are  thus  visibly  re- 
presented, and  the  chemist  is  able  readily  to  trace  all  possible  modes  of 
combination,  and  to  select  that  which  is  most  in  harmony  with  the 
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facts  and  principles  of  his  science.    He  may,  and  often  does,  thereby   Sect  n. 
detect  relations  which  might  otherwise  have  escaped  notice. 

133.  Another  advantage  attributable  to  such  formula?  is,  that  they  Advantage 
facilitate  the  comprehension  of  chemical  changes.    U  hydrosulphuric  of  formulas, 
acid  acts  upon  the  protoxide  of  lead,  it  is  easy  to  say  that  the  sul- 
phur combines  with  the  lead,  and  the  hydrogen  with  the  oxygen  ; 

bat  the  exact  adaptation  of  the  quantities  for  mutual  interchange 
appears  to  be  more  clearly  shown  by  symbols  than  by  a  description 
or  a  diagram.  In  the  simple  instance  alluded  to,  H-J-S  reacts  on 
Pb-f-O,  and  the  products  are  Pb+S  and  H+O.  When  hydrosul- 
phuric acid  acts  on  bicyanuret  of  mercury,  the  result  is  bisulphuret 
of  mercury  and  hydrocyanic  acid  ;  the  substances  which  interchange 
elements  are2(H+S)  andHg-|-2Cy;  and  the  products  are  Hg-f-2S, 
ind  2(H-j-Cy).  In  more  complicated  changes  the  advantage  of  che- 
mical formula;  is  still  more  manifest,  examples  of  which  kind  will  be 
found  in  other  parts  of  this  volume. 

134.  Useful  as  the  algebraic  chemical  formula?  are  for  the  purpose  of  Abbrevia- 
itudying  chemical  changes,  they  are  sometimes  found  inconveniently 

long  where  the  object  is  merely  to  express  the  composition  of  bodies, 
tad  accordingly  Berzelius  has  introduced  several  abbreviations.  For 
instance,  he  indicates  degrees  of  oxidation  by  dots  placed  over  the 

lymbol,  writing  K,  C,  N,  instead  of  K+O,  C-f  20,  N+50,  for 
potassa,  carbonic  acid,  and  nitric  acid.    In  like  manner  he  denotes 

compounds  of  sulphur  by  commas,  writing  K,  Hg,  H  instead  of  K-|-S, 
Hg-j-2S,  H-f-S,  for  sulphuret  of  potassium,  bisulphuret  of  mercury, 
and  hydrosulphuric  acid.  When  the  ratio  is  that  of  two  to  three 
be  employs  the  symbol  for  two  equivalents  above  stated  ;  thus, 

Fe,  F,  As  is  used  instead  of  2Fe+30,  2P+50,  2As+50,  for  an 
equivalent  of  sesquioxide  of  iron,  phosphoric  acid,  and  arsenic  acid  ; 

•  ■ 

■*i       i  ?  • 

and  similarly  we  have  As,  As  instead  of  2As-|-3S,  2As-|-5S  for  the 

•esquisulphuret  and  persulphuret  of  arsenic.  These  last  formula? 
ire  sometimes  used  to  indicate  two  equivalents  instead  of  one  ;  but 
is,  agreeably  to  the  atomic  theory,  the  smallest  possible  molecule  of 
•esqutoxide  of  iron  consists  of  2  atoms  of  iron  and  3  of  oxygen,  the 
formula  2Fe-{-30  ought  to  stand  for  one  equivalent  only. 

Berzelius  often  dispenses  with  the  sign  -{-,  and  writes  combined 
elements  side  by  side,  the  sign  of  addition  being  understood  instead 

of  expressed.    Thus  he  uses  KS,  CaC,  BaN,  KS+NiS,  instead  of 

K+S,  Ca+C,  Ba+N,  (K+S)+(Ni+S),  for  sulphate  of  potassa, 
carbonate  of  lime,  nitrate  of  baryta,  and  the  double  sulphate  of 
potassa  and  oxide  of  nickel.  Two  or  more  equivalents  of  one  consti- 
tuent of  a  compound  are  denoted  by  numbers  placed  in  the  same 
position  as  the  indices  of  powers  in  algebra :  thus  NH',  NC*f 

FV  rP  is  the  abbreviation  of  N+3H,  N+ 2C,  2Fe+3H,  for  ammo- 
•ia,  cyanogen,  and  sesquihydrale  of  iron,  a  compound  of  2  equiva- 
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lents  of  sesquioxide  of  iron  and  3  of  water.  A  number  used  before 
symbols,  like  coefficients  in  algebra,  multiplies  all  the  following 

symbols  not  separated  from  it  by  a  -f-  sign.  Thus  in  8  Ca  Si3-|-K  Si' 
-f-16  Aq  (which  is  the  formula  for  the  mineral  called  apophyllite), 

the  8  denotes  8  equivalents  of  Ca  Si',  or  tersilicate  of  lime,  which 
are  united  with  1  equivalent  of  sexsilicate  of  potassa,  and  16  of 
water. 

Berzelius  also  expresses  the  vegetable  and  animal  acids  by  the 

first  letter  of  their  name,  with  a  dash  over  it.    Thus  T,  A,  C,  B, 

G,  F,  are  the  symbols  for  tartaric,  acetic,  citric,  benzoic,  gallic,  and 
formic  acids. 

135.  It  was  formerly  thought  that  the  same  elements  united  in 
the  same  ratio  must  always  give  rise  to  the  same  compound  ;  but 
examples  have  been  discovered  of  two  or  even  more  substances  con- 
taining the  same  elements  in  the  same  ratio,  and  yet  exhibiting 
chemical  properties  distinct  from  each  other.  For  such  compounds 
Berzelius  has  suggested  the  general  appellation  of  isomeric,  from 
ioo;  equal,  and  fuaog  part,  expressive  of  equality  in  the  ingredients. 

Isomerism  is  quite  consistent  with  our  theories  of  chemical  union  ; 
insomuch  as  the  same  elements  may  be  grouped  or  combined  in  dif- 
ferent ways,  and  give  rise  to  compounds  essentially  distinct.* 

Some  bodies  consist  of  the  same  elements  in  the  same  ratio,  and 
yet  differ  in  their  equivalents.  The  nature  of  these  compounds  is  at 
once  detected  by  their  equivalents  being  unlike,  and  by  the  volume 
which  they  occupy  as  gases  compared  with  the  volumes  of  the  ele- 
ments of  which  they  consist.  Isomeric  bodies  of  this  kind  are  obvi- 
ously much  less  intimately  allied  than  those  above  described.  T.  153. 

136.  The  proof  which  establishes  the  nature  of  chemical  com- 
pounds, is  of  two  kinds,  synthesis  and  analysis-  Synthesis  consists 
in  effecting  the  chemical  union  of  two  or  more  bodies  ;  and  analysis, 
in  separating  them  from  each  other,  and  exhibiting  them  in  a  sepa- 
rate state.  The  composition  of  sulphate  of  copper  (blue  vitriol)  is 
synthetically  demonstrated  by  uniting  sulphuric  acid  to  oxide  of 
copper.  When  we  have  a  compound  of  two  or  more  ingredients, 
which  are  themselves  compounded  also,  the  separation  of  the  com- 
pounds from  each  other  may  be  called  the  proximate  analysis  of  the 
body;  and  the  farther  separation  of  these  compounds  into  their  most 
simple  principles,  its  ultimate  analysis. 

Thus  the  sulphuric  acid  of  the  sulphate  of  copper  consists  of  sul- 
phur and  oxygen,  and  oxide  of  copper  consists  of  copper  and  oxygen  ; 
consequently  we  should  say  that  the  ultimate  component  parts  of  blue 
vitriol  are  copper,  sulphur,  and  oxygen. 

*  Thus  the  elements  of  sulphate  of  potassa  may  perhaps  be  united  indiscriminately 
with  each  other,  as  expressed  by  the  formuln  KSO4 ;  or  tney  may  form  KO+SO*;  or 
KS+O";  or  KOH-SO4  ;  and  other  combinations  might  be  made.  The  second  of 
these  is  doubtless  the  real  one  ;  but  no  one  can  say  that  the  others  are  impracticable. 
Again,  the  elements  of  peroxide  of  tin,  Su  and  20,  may  either  form  SnO",  or  SoO-K) ; 
and  those  of  the  sesquioxide  of  iron,  2Fe  and  30,  may  either  beFe^O3,  or  FeO+FeO». 
not  to  mention  other  possible  combinations.  The  elements  of  alcohol  are  20,  3H,and 
O,  which  may  be  united  indiscriminately  as  H'C*0,  or  H»CHO,  or  as  HO+HO, 
besides  others  ;  it  is  commonly  considered  a  compound  of  olefiant  gas  and  water,  as 
indicated  by  the  last  formula.  T. 
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The  proximate  analysis  of  sulphate  of  potassa  consists  in  resolving  Sect,  m. 
it  into  potassa  and  sulphuric  acid ;  and  its  ultimate  analysis  is 
effected  by  decomposing  the  potassa  into  potassium  and  oxygen,  and 
the  sulphuric  acid  into  oxygen  and  sulphur. 

When  the  analysis  of  any  substance  has  been  ^carried  as  far  as 
possible,  we  arrive  at  its  most  simple  principles  or  elements ;  by 
which  expression  we  are  to  understand,  not  a  body  that  is  incapable 
of  further  decomposition,  but  only  one  which  has  not  yet  been  decom- 
piled. 


Section  III.    Heat  or  Caloric. 

137.  No  sensations  are  more  familiar  to  us  than  those  of  heat  Sensation i 
and  cold.  They  are  excited  by  bodies  applied  to  our  organs,  and  at^jd*alan 
different  times  very  different  degrees  of  sensation  are  excited  by  the 

tune  body.  The  power  of  inducing  these  sensations  does  not  de- 
pend upon  the  matter  itself,  which  is  applied  to  our  organs  ;  for  ev- 
ery shade  of  sensation  is  produced,  without  the  qualities  of  that 
matter  being  permanently  changed ;  it  is  considered  as  depending 
00  the  operation  of  a  certain  subtle  principle,  present  in  bodies,  and 
which,  according  to  its  quantity,  gives  rise  to  the  power  of  exciting 
different  sensations. 

138.  This  principle,  or  power,  has  been  distinguished  by  various  Has  receir- 
appellations,  as  Fire,  Heat,  the  matter  of  Heat,  or  the  Igneous  fluid ;  jJjJJJJ™18 
terms  which  are  either  ambiguous,  or  which  involve  some  hypothe- 
sis, and  which  are  superseded  by  the  unexceptionable  appellation  of 
Caloric.    \\.  \,  i83* 

139.  Caloric,  so  far  as  its  chemical  agencies  are  concerned,  may  May  be 

be  chiefly  considered  under  two  views — as  an  antagonist  to  the  co-  JJj"rd^ 
hesire  attraction  of  bodies — and  as  concurring  with,  and  increasing  views, 
elasticity.  By  removing  the  particles  of  any  solid  to  a  greater  dis- 
tance, from  each  other,  their  cohesive  attraction  is  diminished  ;  and 
ooe  of  the  principal  impediments  to  their  union  with  other  bodies  is 
overcome.  On  the  other  hand,  caloric  may  be  infused  into  bodies 
in  such  quantity,  as  not  only  to  overcome  cohesion,  but  to  place  their 
panicles  beyond  the  sphere  of  chemical  affinity. 

In  many  cases,  when  two  bodies  are  combined  together,  one  of 
which  is  fixed,  and  the  other  becomes  elastic  by  union  with  caloric, 
we  are  able,  by  its  interposition  alone,  to  effect  their  disunion.  Thus 
carbonate  of  lime  gives  up  its  carbonic  acid  by  the  mere  applica- 
tion of  heat. 

140.  We  may  consider,  then,  all  bodies  in  nature  as  subject  to  The  auto 
the  action  of  two  opposite  forces,  the  mutual  attraction  of  their  par-  jttjjjjj 
ucles  on  the  one  hand,  and  the  repulsive  power  of  caloric  on  the  by  caloric, 
other ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or 

the  other  of  these  forces  prevails. 

Water,  by  locing  caJoric,  baa  ita  cohesion  ao  much  increased,  that  it  assumes 
the  solid  form  of  ice ;  adding  caloric,  we  diminish  again  its  coheaion,  and  render 
it  ftatd ;  and  6na)ly,  by  a  still  farther  addition  of  caJoric,  we  change  it  into  ra- 


•  Or  we  may  define  caloric  as  the  agent  to  which  the  phenomena  of  heat  and  torn 
bastion  are  ascribed.  U.» 
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Chap.  I.    pour,  and  give  it  ao  much  elasticity,  that  it  may  be  rendered  capable  of  bursting 
~  the  strongest  veaaela.    In  many  liquids,  the  tendency  to  elasticity  ia  even  ao 
great,  that  they  pass  to  the  gaseous  form  by  the  mere  removal  of  the  weight  of 
the  atmosphere  ;  as  is  the  case  with  ether  in  the  exhausted  receiver  of  tne  air 
pump.  t 

141.  Expansion  is  the  most  obvious  and  familiar  effect  of  caloric 
It  expands  an(j  jt  takes  place,  though  in  different  degTees,  in  all  forms  of  mat- 
ter. When  a  body  which  occasions  the  sensation  of  heat  on  our 
organs,  is  brought  into  contact  with  another  body  which  has  no  snch 
effect,  the  result  of  their  mutual  action  is  that  the  hot  body  contracts, 
and  loses  to  a  certain  extent  its  power  of  communicating  heat,  and 
the  other  body  expands,  and  in  a  degree  acquires  this  power. 

Proved  by      The  expansion  of  solids  may  be  made  apparent  by  heating  a  rod  of  iron, 
experi-       of  such  a  length  as  to  be  included,  when  cold,  between  two  points,  and 
ntents.       the  diameter  of  which  is  such,  as  barely  to  allow  it  to  pass  into  an  iron  ring- 
When  heated,  it  will  have  become  sensibly  larger ;  and  it  will  be  found  incapa- 
ble of  passing  through  the  ring. 

Principle       142.  This  property  of  metals  haa  been 'applied  to  the  construction 
py^rneters  °^  an  instrument  for  measuring  temperature,  called  a  •pyrometer.* 
are  made.      143.  The  expansiou  of  solids  has  engaged  the  attention  of  sever- 
Expansion  il  experimenters.t  and  the  following  results  have  been  obtained  : — 
of  solids,    |   Different  solids  do  not  expand  to  the  same  degree  from  equal  ad- 
ditions of  heat.    2.  A  body  which  has  been  heated  from  the  tem- 
perature of  freezing  to  that  of  boiling  water,  and  again  allowed  to 
cool  to  32°  F.,  recovers  precisely  the  same  volume. which  it  posses- 
sed at  first.    3.  The  dilatation  of  the  more  permanent  or  infusible 
solids  is  very  uniform  within  certain  limits ;  their  expansion,  for  ex- 
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*  An  instrument  of  this  kind  is  re  pre 
resented  by  fig.  22,  which  will  be  found 
very  convenient  for  showing  the  expansi- 
bilities of  bars  of  different  metals,  at  tem- 
peratures not  exceeding  that  of  boiling 
water.  Upon  a  fiat  piece  of  mahogany 
are  fixed  brass  studs,  g  g.  on  which  the 
metallic  bar,./' /.  is  placed-  One  end  of 
this  bar  bears  against  a  lever  6  at  a  point 
very  near  its  fulcrum;  tbe  other  end  of 
this  lever,  which  is  bent,  bears  against 
another  lerer  c,  the  lower  extremity  of 
which  is  an  index.  Beneath  this  index  is  s  graduated  arc  d.  When  we  wish  to  immerse 
the  bar  in  hot  water,  or  to  apply  beat  gradually  through  the  mediam  of  water,  the 
bar  is  passed  through  the  brass  box  a,  which  has  an  aperture  at  each  end.  An  open- 
ing is  left  in  the  board  immediately  under  the  box,  to  allow  the  application  of  a  lamp. 
The  small  expansion  of  the  metallic  bar  is  magnified  by  the  first  lever  in  the  pro- 
portion of  the  distances  of  tbe  point  of  pressure  from  its  plane,  and  from  its  other 
extremity  ;  and  this  magnified  effect  is  again  magnified  by  the  other  lerer,  so  that  aa 
expansion  of  the  400lh  part  of  an  inch  corretpoods  to  a  whole  inch  on  the  scale. 
This  pyrometer  is  liable  to  the  objection  that  the  dintance  of  the  points  of  pressure 
from  the  fulcrum  and  extremity  of  each  lever  is  variable  during  the  experiment.  (See 
Ferguson' i  I  set.) 

Daniell's  pyrometer  is  susceptible  of  great  precision.  lis  indications  result  from  a 
difference  in  tbe  expansion  and  contraction  of  a  platinum  bar,  and  a  tube  of  black 
lead  wars,  in  which  it  is  contained.  These  differences  are  made  available  by  con- 
necting an  index  with  the  platinum  bar,  which  traverses  a  circular  scale  fixed  on  to 
the  tube.  See  a  description  of  this  instrument  in  Turner's  Element*  p.  26,  Quart. 
Jour  of  Set.  XI.  309,  and  Philo*.  Trans.  1830-1. 

t  The  Philosophical  Transactions  contain  various  dissertations  on  the  subject  by  El- 
licot, Smeaion,  Troughton,  and  General  Roy;  and  M.  Biot.in  his  7Vot/V de  Phywuru*, 
has  firm  tbe  results  of  experiments  patiormed  with  great  care  by  Lavoisier  and  La- 
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Elongation  when  heated 
from  32°  to  212° 


ample,  from  the  freezing  point  of  water  to  122°,  is  equal  to  what  Sect,  in. 
lakes  place  betwixt  122°  and  212°.  The  subsequent  researches  of 
Dulong  and  Petit,*  prove  that  solids  do  not  dilate  uniformly  at  high 
temperatures,  but  expand  in  an  increasing  ratio  ;  that  is,  the  higher 
the  temperature  beyond  212°  the  greater  the  expansion  for  equal 
additions  of  heat.  It  is  manifest,  indeed,  from  their  experiments, 
lint  the  rate  of  expansion  is  an  increasing  one  even  between  32° 
and  212°;  bat  the  differences  which  exist  within  this  small  range 
we  so  inconsiderable  as  to  escape  observation,  and,  therefore,  for 
most  practical  purposes  may  be  disregarded. 

The  subjoined  table  includes  the  most  interesting  results  of  La- 
voisier and  and  Laplace.    (Biot,  vol.  1.  p.  158.) 
Name*  of  Substances. 

Glass  tube  without  lead,  a  mean 

of  three  specimens 
English  flint  glass 
Copper 

Brass — mean  of  two  specimens 
Soft  iron  forged 
Iron  wire 

Untempered  steel 
Tempered  steel 
Lead 

Tin  of  India 
Tin  of  Falmouth 

Silver 

Gold— mean  of  three  specimens 
Platinum,  determined  by  Borda 


TTTs 

sir 
ttVt 


of  its  length. 


Of  liquids, 


144.  The  expansion  of  liquids  is  seen  by  putting  a  common  ri«*23- 
ibermometer,  made  with  mercury  or  alcohol,  into  warm  water, 
Fig.  23,  when  the  dilatation  of  the  liquid  will  be  shown  by 
in  ascent  in  the  stem.  The  experiment  is  indeed  illustrative 
of  two  other  facts.  It  proves,  first  that  the  dilatation  increas- 
«*  with  the  temperature  ;  for  if  the  thermometer  be  plunged 
iflio  several  portions  of  wnter  heated  to  different  degrees, 
the  ascent  will  be  greatest  in  the  hottest  water,  and  least  in 

coolest  portions.  It  demonstrates,  secondly,  that  liquids  expand 
"tore  than  solids.  The  glass  bulb  of  the  thermometer  is  itself  ex- 
panded by  the  hot  water,  and,  therefore,  is  enabled  to  contain  more 
nwrcary  than  before  ;  but  the  mercury  being  dilated  to  a  much 
Sweater  extent,  not  only  occupies  the  additional  space  in  the  bulb, 
toi  likewise  rises  in  the  stem.  Its  ascent  marks  the  difference  be- 
tween its  own  dilatation  and  that  of  ihe  glass,  and  is  only  the  ap- 
parent, not  the  actual,  expansion  of  the  liquid. 

145.  Liquids  differ  also  in  their  relative  expansibilities:  ether     xheir r«}» 
»ore  expansible  than  spirit  of  wine,  and  spirit  more  than  water,  and  lira  tnt* 
'iter  more  than  mercury.    Those  liquids  are  generally  most  ex-  «r>ilitii 
pwaible  which  boil  at  the  lowest  temperature. 


different. 
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Of  mercu- 
ry, 


Liquids  ex- 
pand in  in- 
creasing 
ratio. 


This  may  be  rendered  evident  by  partially  filling  several  glass  tabes  of  equal 
diameters,  furnished  with  bulbs,  with  the  different  liquids,  and  placing  them  in 
hot  water;  as  the  liquids  expand,  they  will  rise  to  different  heights  in  the  tubes. 
To  render  this  more  apparent  the  liquids  may  be  tinged  with  some  colouring 
matter.  The  tubes  may  De  placed  in  a  light  frame,  having  a  thin  copper  trough 
to  contain  water,  which  may  be  heated  by  a  lamp.  Fig.  24.  Or  they  may  Be 
luspended  as  in  Fig.  25. 

Fig.  M.  Fig.  25, 
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146.  From  the  frequency  with  which  mercury  is  employed  in  phi- 
losophical experiments,  it  is  important  to  know  the  exact  amount  of 
it*  expansion.  This  subject  has  been  investigated  by  several  phi- 
losophers, but  the  experiments  of  Lavoisier  and  Laplace,  and  espe- 
cially of  Dulong  and  Petit,  are  entitled  to  the  greatest  confidence. 
According  to  the  former,  the  actual  dilatation  of  mercury,  in  pas- 
sing from  the  freezing  to  the  boiling  point  of  water,  amounts  to 
-££fz  of  its  volume;  but  the  result  obtained  by  Dulong  and  Petit, 
who  found  it,-^^  is  probably  still  nearer  the  truth.  Adopting 
the  last  estimate,  this  metal  dilates,  for  every  degree  of  Fahrenheit's 
thermometer,  of  the  bulk  which  it  occupied  at  the  temperature 
of  32°.  If  the  barometer,  for  instance,  stand  at  30  inches  when  the 
thermometer  is  at  32°,  we  may  calculate  what  its  elevation  ought  to 
be  when  the  latter  is  at  60°,  or  at  any  other  temperature.  The  ap- 
parent expansion  of  mercury  contained  in  glass  is  of  course  less 
than  the  absolute  expansion.* 

147.  All  experimenters  agree  that  liquids  expand  in  an  increasing 
ratio,  or  that  equal  increments  of  heat  cause  a  greater  dilatation  at 
high  than  at  low  temperatures.  Thus,  if  a  fluid  is  heated  from  32° 
to  122°,  it  will  not  expand  so  much  as  it  would  do  in  being  heated 
from  122°  to  212°,  though  an  equal  number  of  degrees  is  added  in 
both  cases.  The  nearer  a  liquid  approaches  its  boiling  point,  the 
greater  is  its  expansibility ;  hence  those  liquids  appear  most  equably 
expansible  which  have  the  highest  boiling  points,  and  hence  one  of 
the  great  advantages  of  mercury  in  constructing  thermometers. 

*  Between  the  limits  of  32°  and  212°  F.  Lavoisier  and  Laplace  estimate  the  apparent 

expansion  at  jfa  and  Dulong  and  Petit  at  bVit  of  its  volume,  licing  tt^bt  for  each 
degree  of  Fahrenheit's  thermometer.    Dulong  and  Petit  state,  that   the  mean 

total  expansion  of  mercury  from  32°  to  572°  F.  for  each  degree  is  n  ^fO  ;  tna* 

the  mean  apparent  expansion  in  glass  from  32°  to  672°  F.  for  each  degree  is  jjhfl 
The  temperature  in  their  experiments  was  estimated  by  an  air  thermometer,  which 
they  consider  more  uniform  in  its  rate  of  expansion  than  one  of  mercury.  The  tem- 
perature of  672°  F.  on  the  air  thermometer  corresponds  to  S86°  in  the  mercurial 
one.  T.  19. 
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148.  The  expansion  of  air  may  be  shown  by  inverting  a  tube 
terminated  by  a  bulb,  and  partly  filled  with  water  (Fig.  26) ;  the 
sir  confined  in  the  bulb  will  expand  when  heated,  and  expel  the 
water  from  the  tube. 


Fig.  36- 


Fig.  27. 


149.  As  heat  increases  the  bulk  of  all  bodies,  it  is  obvious  that 
change  of  temperature  is  constantly  producing  changes  in  their  den- 
sity or  specific  gravity,  as  may  be  easily  demonstrated  in  fluids  where 
there  is  freedom  of  motion  among  the  particles.  If  we  apply  heat  to 
the  bottom  of  a  vessel  of  water,  that  portion  of  the  fluid,  which  is 
nearest  to  the  source  of  heat,  is  expanded,  and  becoming  specifically 
lighter,  ascends,  and  is  replaced  by  a  colder  portion  from  above. 
This,  in  its  turn,  becomes  heated  and  dilated,  and  gives  way  to  a 
second  colder  portion  ;  and  thus  the  process  goes  on,  as  long  as  the 
fluid  is  capable  of  imbibing  heat.    (Fig.  27.) 

Fig. 

1.50.  In  air,  similar  currents  are  continually  pro- 
duced, and  the  vibratory  motion  observed  over  chim- 
ney pots,  and  slated  roofs  which  have  been  heated 
by  the  sun,  depends  upon  this  circumstance :  the 
warm  air  rises,  and  its  refracting  power  being  less 
than  that  of  the  circumambient  colder  air,  the  cur- 
rents are  rendered  visible  by  tbe  distortion  of  objects 
viewed  through  them.  This  is  easily  illustrated  by 
placing  a  spiral  of  pasteboard  upon  a  wire  over  an 
Argand  lamp,  or  at  the  side  of  a  stove  pipe.* 

The  ventilation  of  rooms  and  buildings  can 
only  he  perfectly  effected  by  suffering  the  heated  and 
foul  air  to  pass  off  through  apertures  in  the  ceiling, 
while  fresh  air,  of  any  desired  temperature,  is  ad- 
mitted from  below. t 

151.  As  the  particles  of  air  and  aeriform  substances  are  not  held 
together  by  cohesion,  they  are  found  to  dilate  from  equal  additions 
of  heal  much  more  than  solids  or  liquids.  Now.  chemists  are  in  the 
habit  of  estimating  the  quantity  of  the  gases  employed  in  their  expe- 
riments by  measuring  them  ;  and  since  tbe  volume  occupied  by  any 

*  Advantage  is  taken  of  this  in  healing  apartment!  by  furnaces  placed  in  cellar*. 
Co4d  air  being  brought  in  contact  with  the  surface  of  heated  metal,  and  allowed  to  as- 
csad  through  pipes  into  the  apartments. 

t  Various  contrivance*  hare  been  retorted  to.  to  prevent  the  passage  of  cold  air 
fraanabosr*  downwards  through  the  ventilator,  which  can  only  he  completely  effected 
by  keeptnr  the  vent ilaiinv  tubes  at  a  hitrher  temperature  than  (he  surrounding  air ; 
araunglhem,  for  instance,  by  Meant ;  paajjf^jbrm  through  a  fire  ;  or  placing  a  lamp 
besKaih  them,  of  sufficient  dimension*  to  CBJM&JttOOg  curr«  ut  ufward*. 
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gas  is  so  much  influenced  by  temperature,  it  is  essential  to  accuracy 
that  a  due  correction  be  made  for  the  variations  arising  from  this 
cause  ;  that  they  should  know  how  much  dilatation  is  produced 
by  each  degree  of  the  thermometer,  whether  the  rate  of  expansion  is 
uniform  at  all  temperatures,  and  whether  that  ratio  is  the  same  in  all 
gases. 

152.  All  gases  undergo  equal  expansions  by  the  same  addition  of 
beat,  supposing  them  placed  under  the  same  circumstances  ;  so  that  it 
is  sufficient  to  ascertain  the  law  of  expansion  observed  by  any  one 
gas,  in  order  to  know  the  law  for  all.* 

153.  There  is  a  peculiarity  in  the  eflect  of  heat  upon  the  bulk  of 
some  fluids,  namely,  that  at  a  certain  temperature,  increase  of  heat 
causes  them  to  contract,  and  its  diminution  makes  them  expand. 
This  singular  exception  is  only  observable  in  those  liquids  which  ac- 
quire an  increase  of  bulk  in  passing  from  the  liquid  to  the  solid 
state,  and  is  remarked  only  within  a  few  degrees  of  temperature 
above  their  point  of  congelation.  Water  is  a  noted  example  of  it. 
Ice  swims  upon  the  surface  of  water,  and,  therefore,  must  be 
lighter  than  it,  which  is  a  convincing  proof  that  water,  at  the  mo- 
ment of  freezing,  must  expand.  The  increase  is  estimated  by  Boyle 
at  about  |th  of  its  volume,  which  gives  900  as  the  specific  gravity 


♦It  appears  from  the  experiments  of  Gay  Lussac,  that  100  parts  of  air,  in  being  heat- 
ed from  32°  to  212°  F.,  expand  to  137.5  parti.   The  increase  for  180  degrees  is, 

therefore,  0  375  or  ^V^tbs  of  its  bulk  :  and  by  dividing  this  number  by  180,  it  is  found 

that  a  given  quantity  of  dry  air  dilates  to  4  |  oib  of  the  volume  it  occupied  at  32°,  for 
every  degree  of  Fahrenheit's  thermometer. 

This  point  being  established,  it  is  casv  to  ascertain  what  volume  any  given  Quantity 
of  gas  should  occupy  at  any  given  temperature.  Suppose  a  certain  portion  of  gas  to 
occupy  20  measures  of  a  graduated  lube  at  32°,  it  may  he  desirable  to  determine  what 

would  be  its  bulk  at  42°.  For  every  degree  of  heat  it  has  increased  by  T^ith  of  its 
original  volume,  and,  therefore,  since  ctre  increase  amounts  to  ten  degrees,  the  20 

measures  will  have  dilated  by  jVjjths.  The  expression  will,  therefore,  be  20-H20X 1^ 
=20.416.  It  must  not  be  forgotten  that  the  volume  which  the  gas  occupies  at  32°  is 
a  necessary  element  in  all  such  calculations.  Thus,  having  20.416  measures  of 
gas  at  42°,  the  corresponding  bulk  for  52°  cannot  be  calculated  by  the  formula 

20.4 1 6+20.4 IOjVo-j   the  real  expression  is  20+20.416?^,  because  the  increase 

is  only  ^B^jths  of  the  space  occupied  at  32c,  which  it  20  measures.* 

A  similar  remark  applies  to  the  formula  for  estimating  the  eflect  of  heat  on  the  height 
of  the  barometer. 

The  rate  of  expansion  of  atmospheric  air  at  temperatures  exceeding  212°  has  been 
examined  by  Dulong  and  Petit,  ana  the  following  table  contains  the  result  of  their  ob. 
serrations.    (An.  de  Ch.  et  de  Ph.  vii.  120.) 


Temperature  by  the  Mercurial 

Correspond  inK 
volume*  of  a 
given  volume 
of  air. 

Fahrenheit. 

Centigrade. 

—  33 

—  36 

0  8650 

32 

0 

1.0000 

212 

100 

1.3750 

302 

160 

1.5576 

392 

200 

1.7389 

482 

260 

1.8189 

672 

300 

2.0976 

Mercury  boils  680 

360 

2.3125 

*  See  Formula:,  Tamer,  21. 
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of  ice,  that  of  water  being  1000.*    Dalton  estimates  the  specific  gra»  g«*  m. 

vity  of  ice  at  9.42.    Water  has  attained  its  maximum  of  density  at  Water,  its 

about  39°t,  and  if  it  be  cooled  below  39°  it  expands  as  the  tempera-  maximum 

ture  diminishes,  as  it  does  when  healed  above  that  point.  euw  y' 

Immerse  two  thermometer  tubes,  one  containing  spirits  of  wine  and  the  other  Exp. 
water,  into  melting  snow  ;  the  former  will  sink  ull  it  indicates  32°  F  ,  hut  Uie 
Utter,  wben  it  has  nearly  attained  3'.*  F.,  will  begin  to  expand,  and  continue  to 
do  so  till  it  freezes.  Or,  fill  a  flask  capable  of  holding  three  or  four  ounces,  with 
water  at  the  temperature  of  60°  F.  and  adapt  a  cork  to  it,  through  which  passes  a 
glass  tube  open  at  both  onds,  ahoat  the  eighth  of  an  inch  wide,  and  ten  inchea 
MM .  After  having  filled  the  flask,  insert  the  cork  and  tube,  and  pour  a  little  wa- 
ter into  tl  «■  latter  Ull  the  liquid  rises  to  the  middle  of  it.  On  immcpung  the  flask 
in  a  mixtnre  of  pounded  ice  and  salt,  the  water  will  full  in  the  tube,  marking  con- 
traction  ;  but  in  a  short  time  an  opposite  movement  will  be  perceived,  indicating 
that  expansion  is  taking  place,  while  tho  water  within  the  flask  ia  at  the  same 
time  yielding  caloric  to  the  freezing  mixture  on  the  outside  of  it. 

This  anomaly  in  respect  to  water  is  productive  of  very  important  ij.'SSL. 
consequences,  in  preserving  the  depths  of  rivers  and  lakes  of  a  tern*  in  this 
perature  congenial  to  their  inhabitants.  anomaly. 

154.  The  most  remarkable  circumstance  attending  this  expansion,  pxPand> 
is  the  prodigious  force  with  which  it  is  effected.  Boyle  filled  a  brass  orcl  y' 
tube,  three  inches  in  diameter,  with  water,  and  confined  it  by  means 
of  a  moveable  plug ;  the  expansion,  when  it  froze,  took  place  with 
such  violence  as  to  push  out  the  plug,  though  preserved  in  its  situa- 
tion by  a  weight  equal  to  74  pounds.  The  Florentine  Academicians 
burst  a  hollow  brass  globe,  whose  cavity  was  only  an  inch  in  diame- 
ter, by  freezing  the  water  with  which  it  was  filled  ;  and  it  has  been 
estimated  that  the  expansive  power  necessary  to  produce  such  an 
etfect  was  equal  to  a  pressure  of  27,720  pounds  weight.  Major 
Williams  gave  ample  confirmation  of  the  same  fact  by  some  experi* 
meats  which  he  performed  at  Quebec  in  the  years  1784  and  17654 
Glass  bottles,  lead  and  iron  pipes,  &c.,  in  which  water  freezes,  are 
often  ruptured. 

166.  Water  is  not  the  only  liquid  which  expands  under  reduction  Other 
of  temperature,  as  the  same  effect  has  been  observed  in  a  few  others  ***** 
which  assume  a  highly  crystalline  structure  on  becoming  solid  : — 
fated  iron,  antimony,  zinc,  and  bismuth  are  examples  of  it.  Mer- 
cury is  a  remarkable  instance  of  the  reverse ;  for  when  it  freezes,  it 
surfers  a  very  great  contraction  (31  note.) 

156.  The  cause  of  the  expansion  of  water  at  the  moment  of  freez-  Cause, 
iog  is  attributed  to  a  new  and  peculiar  arrangement  of  its  particles. 

Ice  is  in  reality  crystallized  water,  and  during  its  formation  the  par- 
ticles arrange  themselves  in  ranks  and  lines,  which  cross  each  other 
■t  angles  of  60°  and  120°,  and  consequently  occupy  more  space  than 
wben  liquid.  This  may  be  seen  by  examining  the  surface  of  water 
while  freezing  in  a  saucer.  No  very  satisfactory  reason  can  be  as- 
signed for  the  expansion  which  takes  place  previous  to  congelation. 

157.  The  state  of  a  body  with  respect  to  its  power  of  producing  Tempera- 
tbe  effects  which  arise  from  the  operation  of  caloric,  is  termed  its  lore 

•  Experiments  on  Cold. 

*  Halistrotn  An  de  Chim.  tt  Phyt.  xxviii,  90,  whose  experiments  were  made  with 
fwal  eare.  According  to  the  more  recent  experiments  of  btampfer  38.75  and  to  those 
of  Cnehton  38-97.    Johnston's  Report  in  1st  Iteport  of  the  British  A—ociation. 

:  Phil.  Traru.  Ed.  ii,  23. 
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Principle 
on  which 
the  ther- 
mometer 
indicates 
tempera- 
ture. 


Thermom- 
eter. 


Chap,  t.  temperature.  In  every  body  the  temperature  depends  on  the  quan- 
tity of  caloric  which  it  contains,  nnd  the  temperature  is  said  to  be 
high  or  low  as  it  respects  another  body,  in  proportion  a*  it  occasions 
an  expansion  or  contraction  of  its  parts. 
Imperfectly  158.  The  temperature  of  bodies  can  be  but  imperfectly  estimated 
fromwnsa- by  the  sensation  of  heat  or  cold  they  produce,  the  sensation  being 
modified  by  preceding  impressions  upon  the  sentient  organ  and  other 
external  circumstances.  Hence  the  necessity  of  some  common 
measure  of  temperature,  as  by  means  of  the  Thermometer, 

159.  The  principle  on  which  the  thermometer  indicates  tempera- 
ture, is,  that  caloric  has  a  tendency  always  to  preserve  an  equilibri- 
um ;  so  that  if  two  bodies  at  different  temperatures,  be  brought  into 
contact,  it  will  pass  from  the  one  at  the  higher  into  that  at  the  lower 
temperature,  until  the  temperature  of  both  is  the  same.  Thus,  if 
we  mix  equal  quantities  of  the  same  fluid  at  different  temperatures, 
the  cold  portion  will  expand  as  much  as  the  hot  -portion  contracts, 
and  the  resulting  temperature  is  the  mean  ;  so  that  it  appears,  that 
as  much  heat  as  is  lost  by  the  one  portion  is  gained  by  the  other. 

160.  A  common  thermometer  consists  of  a  tube  terminated  at  one 
end  by  a  bulb,  and  hermetically  closed  at  the  other.  The  bulb  and 
part  of  the  tube  are  filled  with  an  appropriate  liquid,  which  when 
designed  to  measure  very  low  temperatures,  is  spirit  of  wine; 
under  other  circumstances  quicksilver  is  better  adapted  for  the 
purpose.*  A  graduated  scalet  is  attached  to  the  stem ;  and 
whenever  the  instrument  is  applied  to  bodies  of  a  higher  tempera- 
ture, the  mercury  or  spirit  expands  and  rises  in  the  tube. 

161.  In  dividing  the  scale  of  a  thermometer,  the  two  fixed  points 
usually  resorted  to  are  the  freezing  and  boiling  of  water,  which  al- 
ways take  place  at  the  same  temperature,  when  under  the  same  at- 
mospheric pressure.  The  intermediate  part  of  the  scale  is  divided 
into  any  convenient  number  of  degrees ;  and  it  is  obvious,  that 
all  thermometers  thus  constructed  will  indicate  the  same  degree 
of  heat  when  exposed  to  the  same  temperature.  In  the  centigrade 
thermometer,  this  space  is  divided  into  100°  ;  the  freezing  of  water 
being  marked  0°,  the  boiling  point  100°.  In  this  country  we  use 
Fahrenheit's  scale  of  which  the  0°  is  placed  at  32°  below  the  freez- 
ing of  water,  which,  therefore,  is  marked  32°,  and  the  boiling  point 
212°,  the  intermediate  space  being  divided  into  180°.  Another  scale 
is  Reaumur's  ;  the  freezing  point  is  0°,  the  boiling  point  80°.  These 
are  the  principal  thermometers  used  in  Europe  and  this  country.! 


Gradua- 
tion. 


FUj.89. 


*  Quicksilver  will  indicate  600°  F.  but  freezes  at  —39°. 

t  As  the  chemist  will  often  have  occasion  to  employ  the  thermometer  for  as- 
certaining the  temperature  of  corrosive  liquids,  the  graduated  scale  should 
he  provided  with  a  hinge,  so  as  to  double  back,  and  leave  the  bulb  exposed, 
as  shown  in  Fig.  29. 

t  For  the  method  of  constructing  thermometers  see  Faraday's  Manipu~ 
lotion,  and  for  those  of  great  sensibility,  Quart.  Jour,  of  Sci.  vii  p.  183. 


Digitized  by  Google 


Thermometers. 


45 


162.  Each  degree  of  Fahrenheit's  scale  is  equal  to  f  ths  of  a  degree  Sect,  m. 
oo  Reaumur's:  if,  therefore,  the  number  of  degrees  on  Fahrenheit's  Rules  for 
icale  above  or  below  the  freezing  of  water  be  multiplied  by  4  and  <?JJ^J 
divided  by  9,  the  quotient  will  be  the  corresponding  degree  offy^. 
Reaumur.  mometers. 

Fahrenheit.  Reaumur. 

68°— 32°=  36x4=144+9=16° 
S 1 2°— 32°  =180X4= 720-i-  9=80°* 

163.  M.  Bellain  has  observed  that  mercurial  thermometers  slowly  Change  of 
change  their  point  of  zero,  which  uniformly  becomes  higher  than  at zero- 

the  time  of  graduation.  This  phenomenon  appears  owing  to  a  di- 
minished capacity  of  the  bulb  due  to  the  atmosphere  continually 
pressing  on  its  exterior,  while  a  vacuum  exists  in  the  interior  of  the 
tube  ;  for  it  has  not  been  noticed  either  in  mercurial  thermometers 
which  are  unsealed,  or  in  thermometers  made  with  alcohol.  The 
principal  contraction  ensues  soon  after  the  tube  is  sealed,  and  hence 
•ome  months  should  be  permitted  to  elapse  between  the  sealing  and 
graduation  of  a  thermometer.t 

164.  Air  is  sometimes  resorted  to  as  indicating  very  small  Air  ther- 
changes  of  temperature.     The   instrument   employed  by  Sane-  n10*0616™* 
lorio,  to  whom  the  invention  of  the  thermometer  is  generally 
ascribed,  was  of  a  very  simple  kind,  and  measured  variations 

of  temperature  by  the  variable  expansion  of  a  confined  portion 


*  To  reduce  the  decrees  of  Reaumur  to  those  of  Fahrenheit,  they  are  to  he  multi- 
plied Ij  9,  and  divided  by  4. 

Reaumur.  Fahrenheit. 

l«°X9=M4-i-4=  38°-j-32°=  68 
80°  X  9=7204-4= 180°+ 32°=212 

Every  degree  of  Fahrenheit's  is  equal  to  §lhs  of  a  degree  on  the  centigrade  scale  ; 
U«  reduction  therefore  is  as  follows : 

Fahrenheit.  Centigrade. 
212 — 32= 180X5=900 -+-9= 100° 

Centigrade.  Fahrenheit. 
100  X  9=900— 5=1 80-f  32=2 12° 


Fahr. 

Cent. 

Return. 

Fahr. 

Cent 

Re&utn. 

Fahr. 

Cent. 

Kcaum. 

212 

100 

80 

its 

45 

36 

14 

-10 

-  8 

201 

96 

76 

104 

40 

32 

6 

-15 

-12 

194 

90 

72 

95 

35 

23 

-  4 

-20 

-16 

186 

86 

68 

86 

30 

24 

-13 

-25 

-20 

176 

80 

64 

77 

26 

20 

-22 

-30 

-24 

167 

76 

60 

68 

20 

16 

-31 

-35 

-28 

168 

70 

56 

69 

16 

12 

-40 

-40 

-32 

149 

to 

52 

60 

10 

• 

140 

60 

48 

41 

6 

4 

i£l 

65 

44 

32 

0 

0 

60 

40 

23 

-5 

-4 

Cormpoodlng 

6sp— 


t  An.  de.  Ch.  et  dc  Ph.  xxi.  330. 
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v**p- 1»  of  air.  This  instrument  is  represented  in  the  margin.  It  consists 
of  a  glass  tube,  eighteen  inches  long,  open  at  one  end,  and  Fif.». 
blown  into  a  ball  nt  the  other.  If  a  warm  hand  be  applied  Q 
to  the  ball,  the  included  air  will  expand,  and  a  portion  be  ex- 
pelled through  the  open  end  of  the  tube.  And  if  in  this  state 
the  aperture  is  quickly  immersed  in  a  cup  filled  with  some 
coloured  liquid,  it  will  ascend  in  the  tube,  as  the  air  in  the  ball 
contracts  by  cooling;  and  its  altitude  will  in  every  case  depend 
upon  the  degree  of  expansion  which  the  air  has  previously 
undergone.  In  this  manner  it  is  prepared  for  use,  and  will 
indicate  increase  of  temperature  by  the  descent  of  its  fluid, 
and  vice  versa.  These  effects  may  be  exhibited,  alternately 
by  applying  the  hand  to  the  ball,  and  then  blowing  on  it  with  a  pair 
of  bellows.  The  amount  of  the  expansion  or  contraction  is  measur- 
ed by  a  graduated  scale  attached  to  the  stem  of  the  instrument. 

165.  The  advantages  of  the  Air  Thermometer  consist  in  the  great 
amount  of  the  expansion  of  air,  when  compared  with  that  of  any 
liquid;  by  which  it  is  enabled  to  detect  minute  changes  of  tempera- 
ture, which  the  mercurial  thermometer  would  scarcely  discover ;  for 
air  is  increased  in  volume  by  a  given  elevation  of  temperature,  about 
twenty  times  more  than  quicksilver.  The  advantages,  however, 
which  attend  this  excessive  delicacy  are  counterbalanced  by  sever- 
al serious  objections.  It  will  be  readily  seen,  for  instance,  that  the 
air  thermometer  will  not  only  be  affected  by  changes  of  temperature, 
but  by  variations  of  atmospheric  pressure. 

Leslie's.  166.  Leslie,  under  the  name  of  the  Differential  Ther- 
mometer, employed  a  modification  of  the  air  thermome- 
ter invented  by  Sturmius.*  It  consists  of  two  glass- 
tubes  of  unequal  length,  each  terminating  in  a  hollow 
ball,  as  represented  in  Fig.  31,  which  are  united  by  a 
bent  tube  containing  coloured  sulphuric  acid.  When? 
ever  a  hot  body  approaches  one  of  the  bulbs,  it  must  ne- 
essarily  drive  the  fluid  towards  the  other.  It  is  evident 
then  that  this  instrument  cannot  be  employed  to  measure 
variations  in  the  temperature  of  the  surrounding  atmos- 
phere, because,  as  long  as  both  balls  are  of  the  same  temperature, 
whatever  this  may  be,  the  air  contained  in  both  will  have  the  same 
elasticity,  and  consequently,  the  included  coloured  liquor,  being 
pressed  equally  in  opposite  directions,  must  remain  stationa- 
ry. If,  however,  any  change  of  temperature  is  effected  Fi|.3i. 
in  one  of  the  balls,  the  instrument  will  immediately  indi- 
cate  this  difference  with  the  greatest  nicety.  The  amount  V-; 
of  this  effect  is  ascertained  by  a  graduated  scale,  the  in- 
terval between  freezing  and  boiling  being  divided  into 
100  equal  degrees.  This  thermometer  is  peculiarly 
adapted  to  ascertain  the  difference  of  the  temperatures  of 
two  contiguous  spots  in  the  same  atmosphere. 

Howard's.     A  differential  thermometer  has  been  contrived  by  How- 
ard resembling  the  above  in  its  general  form,  (Fig.  32)  but  in 

*  Seen  description  and  sketch  in  his  Collegium  Cutiotum,  p. 54  ;  published  in  1676 
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which  the  degree  of  heat  is  measured  by  the  expansive  force  of  Secuiii. 
the  vapour  of  ether,  or  spirit  of  wine,  in  vacuo.*  It  is  intended 
to  be  applied  to  the  same  purposes  as  that  of  Leslie,  but  is  more 
sensible  to  changes  of  temperature,  and  the  movement  of  the 
fluid  follows  instantaneously  the  application  of  the  heating  cause, 
whereas  in  the  air  thermometer  some  time  is  required  before  the 
effect  takes  place. 

167.  Different  methods  have  been  recommended  for  ascertaining  Self-regis- 

the  highest  or  lowest  temperature  that  may  occur  during  any  parti-  teringther- 

cular  period,  as  during  the  night,  when  there  is  no  one  present  to  ob-  ro^^'* 

serve  it.    The  simplest  contrivance  of  this  kind  is  the  following: 

It  consists  of  two  thermometers  (Fig.  33),  a  spirit  of  wine  and  a  mercurial  one, 
the  former  for  ascertaining  the  lowest,  the 
Utter  the  highest  heat  in  the  tube  of  the 
former  is  placed  a  small  piece  of  white  ena- 
mel, which,  as  the  fluid  contracts,  is  brought 
along  with  it,  but  on  it*  again  expanding  does 
not  take  it  with  it ;  it  leaves  it  at  the  place  to 
which  it  had  carried  it,  and  thus  the  lowest 


Fig.  33. 


— ee?  0 


temperature  that  had  happened  is  pointed 
oat  In  the  tube  of  the  latter  is  placed  a  small  piece  of  a  needle,  so  as  just  to 
rest  on  the  mercury.  As  the  fluid  expands,  it  pushes  the  needle  before  it  and 
en  again  contracting,  it  leaves  it  at  that  part  to  which  it  had  carried  it,  so  that 
in  ibis  way  the  highest  temperature  is  ascertained.  These  thermometers  are 
fixed  on  aboard,  with  the  balls  at  opposite  sides,  the  mercurial  one  horizontally, 
the  one  with  spirit  of  wine  with  the  ball  inclined  downwards,  so  that,  when  we  wish 
to  set  them,  by  raising  the  side  next  the  spirit  ball,  the  enamel  and  needle  will 
come  to  the  surfaces  of  the  fluids. 

Six's  thermometer  (Fig.  34),  has  the  bulb  in  tho  form  of  a  longcylin-  Ftf-  3* 
der,  the  tube  is  bent  down  parallel  with  the  cylinder  and  passing  under 
it,  rises  in  a  parallel  direction  to  the  top  on  the  other  side;  the  bulb  is 
usually  filled  with  spirits  of  wine,  which  is  in  contact  with  a  portion  of 
mercury  occupying  the  lower  part  of  the  tube,  and  the  mercury  is  suc- 
ceeded by  a  second  portion  of  spirit.  The  mercury  carries  an  index 
upon  each  of  its  surfaces;  when  the  fluid  in  the  cylinder  contracts  by 
cold,  the  index  on  the  left  side  will  be  pressed  upwards,  as  long  as  the 
heat  decreases,  and  will  be  retained  at  its'  greatest  height  by  a  weak 
spring.  When  the  fluid  in  the  cylinder  expands  by  heat,  it  must  press 
upon  the  surface  of  the  mercury  in  the  left  side  of  the  tube,  forcing  it 
to  rise  higher  in  the  right  side  :  as  long  as  the  heat  continues  to  increase, 
the  index  will  rise  on  the  surface  of  the  mercury  in  the  right  side  of  the 
tube,  and  will  be  retained  at  the  greatest  height  by  its  spring  :  it  must  be 
obvious,  therefore,  that  the  index  on  the  side  opposite  the  left  hand  will 
indicate  the  greatest  degree  of  cold,  in  any  given  time,  and  the  one  on 


the  right,  the  greatest  degree  of  heat.  The  indexes  being  of  iron  or  steel, 
may  be  brought  back  to  their  places  by  a  magnet,  applied  to  the  outside  of 
the  tube. 

169  Though  the  thermometer  is  a  most  valuable  instrument,  the  Amount  of 
sum  of  information  which  it  conveys  is  very  small.    It  only  indicates  |yo^i^ron 
that  condition  of  bodies  in  which  they  affect  the  senses  with  an  im-  mometer. 
pression  of  heat  or  cold,  and  which  is  expressed  by  the  word  temper- 
ature.   It  does  indeed  point  out  a  difference  in  the  temperature  of 
two  or  more  substances  with  great  nicety  ;  but  it  does  not  indicate 
how  much  heat  any  body  contains.    We  learn  by  it  whether  the 
temperature  of  one  body  is  greater  or  less  than  that  of  another;  and 
if  there  is  a  difference,  it  is  expressed  numerically,  namely,  by  the 
degrees  of  an  arbitrary  scale,  selected  for  convenience,  without  any 
reference  whatever  to  the  actual  quantity  of  heat  present  in  bodies. 


*  Directions  for  constructing  it  art  given  in  the  8ih  vol.  of  the  Quart.  Jour,  of  ScL 
p  219. 
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chap. !.  169.  The  relative  quantities  of  heat  which  different  bodies  in  the 
same  stale  require  to  raise  them  to  the  same  thermometric  tempera- 
ture, is  called  their  specific  heat,  and  those  bodies  which  require 
most  heat  are  said  to  have  the  greatest  capacity  for  heat.  That  the 
quantity  of  heat  in  different  bodies  of  the  same  temperature  is  dif- 
ferent, was  first  shown  by  Black,  in  1762. 

Mix  together  equal  quantities  of  water,  one  portion  being  at  100  and  the  other 
at  50  ,  the  temperature  of  the  mature  will  be  the  arithmetical  mean  or  75- ; 
that  is,  the  25  degrees  lost  by  tho  warm  water  will  exactly  autfice  to  heat  the  cold 
water  by  the  same  number  of  degrees. 

It  is  hence  inferred,  that  equal  weights  or  measures  of  water  of 
the  same  temperature  contain  equal  quantities  of  heat ;  and  the  same 
is  found  to  be  true  of  other  bodies.  But  if  equal  weights  or  equal 
bulks  of  different  substances  are  employed,  the  result  will  be  different. 


Exp. 


Different 
quantities 
of  heat  re- 
quired by 
bodies. 


Thus,  if  a  pint  of  mercury  at  100°  be  mixed  with  a  pint  of  water  at  40c,  the 
mixture  will  nave  a  temperature  of  60°,  so  that  the  40  degrees  lost  by  the  for* 
mer,  heated  the  latter  by  20  degrees  only  ;  and  when,  reversing  tho  experiment, 
the  water  is  at  100  ana  the  mercury  at  40°,  the  mixture  will  be  at  80 the  90 
degrees  lost  by  the  former  causing  a  rise  of  40  in  the  latter. 

The  fact  is  still  more  strikingly  displayed  by  substituting  equal 
weights  for  measures. 

170.  It  appears  that  the  same  quantity  of  heat  imparts  twice  as 
high  a  temperature  to  mercury  as  to  an  equal  volume  of  water;  a 
similar  proportion  is  observed  with  respect  to  equal  weights  of  sper- 
maceti oil  and  water ;  and  that  the  heat  which  gives  5  degrees  to 
water  will  raise  an  equal  weight  of  mercury  by  115  degrees,  being 
the  ratio  of  1  to  23.  Hence  if  equal  quantities  of  heat  be  added  to 
equal  weights  of  water,  spermaceti  oil,  and  mercury,  their  tempera- 
tures in  relation  to  each  other  will  be  expressed  by  the  numbers  1,2, 
and  23 ;  or,  what  amounts  to  the  same,  in  order  to  increase  the  tem- 
perature of  equal  weights  of  those  substances  to  the  same  extent,  the 
water  will  require  23  times  as  much  heat  as  the  mercury,  and  twice 
as  much  as  the  oil.  T.  29. 

This  may  be  illustrated  by  an  inge- 
nious apparatus  contrived  by  Bache. 
Three  vessels  of  sheet  iron,  (Fig.  35)  to 
contain  equal  iccightt  of  mercury,  alco- 
hol, and  water,  are  attached  to  a  frame, 
by  which  they  can  be  dipped  into  the  same 
vessel  containing  hot  water.  An  alcohol 
thermometer,  with  a  large  column  of  fluid,  dips  into  each  vessel.  As 
the  heat  enters,  the  thermometer  in  the  mercury  rises  with  great  ra- 
pidity, that  in  the  alcohol  more  slowly,  and  that  in  the  water  still 
more  so.* 

171.  The  same  knowledge  may  be  obtained  by  reversing  the  pro- 
cess ;  by  noting  the  relative  quantities  of  caloric  which  bodies  give 
out  in  cooling  ;  for  if  water  requires  23  times  more  caloric  than  mer- 
cury to  raise  its  temperature  1  or  more  degrees,  it  must  also  lose  23 
times  as  much  in  cooling.  The  calorimeter,  invented  and  employed 
by  Lavoisier  and  La  Place,  acts  on  this  principle. t 


Pig.  x>. 


*  Cylinders  of  copper,  coated  with  a  varnish  of  thickened  linseed  oil  to  protect  the 
surface,  mar  be  substituted  for  the  thermometers,  phosphorus,  placed  on  the  lop  ol 
each,  will  inflame  first  on  the  cylinder  in  the  liquil  (taring  the  least  capacity  for  beat 
Amer.  Jour,  xxviu.  324  t  See  Lavoisier's  Elements  of  Ckemistry. 
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172.  The  singular  fact  of  substances  of  equal  temperature,  con- 
taining unequal  quantities  of  heat,  naturally  excites  speculation  about 
its  cause,  and  various  attempts  have  been  made  to  account  for  it. 
The  explanation  deduced  from  the  views  of  Black  is  the  following. 
He  conceived  that  heat  exists  in  bodies  in  two  opposite  stales  :  in 
one  it  is  supposed  to  be  in  chemical  combination,  exhibiting  none  of 
its  ordinary  characters,  and  remaining  as  it  were  concealed,  without 
evincing  any  signs  of  its  presence;  in  the  other,  it  is  free  and  un- 
combined,  passing  readily  from  one  substance  to  another,  affecting 
the  senses  in  its  passage,  determining  the  height  of  the  thermometer, 
md  in  a  word  giving  rise  to  all  the  phenomena  which  are  attributed 
to  this  active  principle.* 

173.  The  capacities  of  bodies  for  heat  have  considerable  influence  Heating 
upon  the  rate  at  which  they  are  heated  and  cooled.  Those  bodies  which  and  cooling 
tre  most  slowly  heated  and  cooled,  have  generally  the  greatest  capa-  tuSmA 
city  for  heat    Thus,  if  equal  quantities  of  water  and  quicksilver  be  j,y  capac- 
placed  at  equal  distances  from  the  fire,  the  quicksilver  will  be  more  "y- 
rapidly  heated  than  the  water,  and  the  metal  will  cool  most  rapidly 

when  carried  to  a  cold  place.    Upon  this  principle,  Leslie  ingeniously  Le»iie»a 
determined  the  specific  heat  of  bodies,  observing  their  relative  times  method, 
of  cooling  a  certain  number  of  degrees  comparatively  with  water, 
under  similar  circumstances. 

174.  The  determination  of  the  specific  heat  of  gaseous  substances  Specific 
is  a  problem  of  importance,  and  has  accordingly  occupied  the  atten-  beat  of 
tioo  of  several  experimenters  of  great  science  and  practical  skill  ;  K**eB" 
but  the  inquiry  is  beset  with  so  many  difficulties  that,  in  spite  of  the 

talent  which  has  been  devoted  to  it,  our  best  results  can  be  viewed  as 
•pproximations  only,  requiring  to  be  corrected  by  future  research. t 

175.  The  circumstances  which  merit  particular  notice,  concerning  Circum- 
tbe  specific  heat  of  bodies,  have  been  arranged  by  Turner  under  the  ,BtancesJJ 
eight  following  heads  : —  "oU  ' 

1.  Every  substance  has  a  specific  heat  neculiar  to  itself;  whence 
it  follows,  thai  a  change  of  composition  will  be  attended  by  a  change 
of  capacity  for  heat. 

2.  The  specific  heat  of  a  body  varies  with  its  form.  A  polid  has 
•  smaller  capacity  for  heat  than  the  same  substance  when  in  the  state 
of  a  hquid. 

3.  When  a  given  weight  of  any  gas  is  made  to  vary  in  density 
and  volume  while  its  elasticity  is  unchanged,  as  when  air  confined  in 
a  tube  over  mercury  is  healed  and  suffered  to  expand  without  varia- 
tion of  pressure,  the  specific  heat  is  believed  to  remain  constant. 

1  Of  the  specific  heat  of  equal  volumes  of  the  same  gas  at  a  vary- 
inp  density  and  elasticity,  as  when  air  is  forced  into  a  bottle  with 
different  degrees  of  force,  nothing  certain  has  been  established. 

5.  The  specific  heat  of  equal  weights  of  the  same  gas  varies  an 
the  density  and  elasticity  vary. 

6.  The  specific  heat  of  solids  and  liquids  was  formerly  thought  to 
be  constant  at  all  temperatures,  so  long  as  they  suffer  no  change  of 
form  or  composition.    Dalton,  however,  (Chemical  Philosophy,  part 

•For  objections  to  this  theory, see  note  by  Bache.  p.  30,  Turner's  Elements,  Am.  ed. 
I  For  a  T»ew  of  the  experiments  of  Crawford,  LaToisier,  Dulong,  and  others,  on  thia 

«,p.3l. 
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L_  I.  p.  50,)  endeavours  to  show  that  the  specific  heat  of  such  bodies  is 
"  greater  in  high  than  at  low  temperatures  ;  and  Petit  and  Dulong 
have  proved  it  experimentally  with  respect  to  several  of  them. 

It  is  difficult  to  determine  whether  the  increased  specific  heat  ob- 
served in  solids  and  liquids  at  high  temperatures  is  owing  to  the  ac- 
cumulation of  hent  within  them,  or  to  their  dilatation.    It  is  ascribed 
in  general  to  the  latter. 
Dilatation      176.  Change  of  specific  heat  always  occasions  a  change  of  tcm- 
rfair,**.  perature.    Increase  in  the  former  is  attended  by  diminution  of  the 

latter;  and  decrease  in  the  former  by  increase  of  the  latter. 

J  Fig.  aa. 

£ip  Thus  when  air,  confined  within  a  flaccid  bladder,  is  suddenly  dilated  by 

means  of  the  air-pump,  a  thermometer  placed  in  it  will  indicate  the  pro- 
duction of  cold.  On  the  contrary,  when  air  is  compressod,  the  corres- 
ponding diminution  of  its  specific  'heat  gives  rise  to  increase  oi  tempera- 
ture ;  nay,  so  much  heat  is  evolved  when  the  compression  is  sudden  and 
forcible,  that  tinder  may  be  kindled  by  it.  This  is  illustrated  by  a  bras* 
syringe  furnished  at  one  end  with  a  stop  cock  having  a  small  cham- 
ber in  which  tinder,  or  what  is  better,  a  small  piece  of  phosphorus 
wrapped  in  tow,  is  placed.  By  suddenly  compressing  the  piston,  the 
tinder  takes  fire  on  opening  tho  stop  cock.  Or  the  tinder  may  be  placed 
in  a  cavity,  in  the  end  of  the  piston. 

The  explanation  of  these  facts  is  obvious.  In  the  first  case, 
a  quantity  of  heat  becomes  insensible,  which  was  previously  in 
a  sensible  state ;  in  the  second,  heat  is  evolved,  which  was  pre- 
viously latent. 

Relation  of    A  curious  relation  between  the  specific  heat  of  some  ele- 
helt^nd    mentarv  substances  and  their  atomic  weight  was  discovered  by  Du- 
wmgkL     long  and  Petit ;  namely,  that  the  product  of  the  specific  heat  of  each 

element  by  the  weight  of  its  atom  is  a  constant  quantity. 
Forma  and     177.  Heat  has  great  influence  on  the  forms  or  states  of  bodies. 
8^»tes  ?f    When  we  heat  a  solid  it  becomes  fluid  or  gaseous,  and  liquids  are 
SSraeadbf  converted  into  aeriform  bodies  or  vapours.    Black  investigated  this 
caloric.      effect  of  heat  with  singular  felicity.*    During  the  liquefaction  of 
bodies,  a  quantity  of  heat,  which  is  essential  to  the  slate  of  fluidity, 
and  which  is  therefore  often  called  the  heat  of  fluidity,  is  absorbed, 
without  increasing  the  sensible  or  thermometric  temperature.  Con- 
sequently, if  a  cold  solid  body,  and  the  same  body  hot  and  in  a 
liquid  state,  be  mixed  in  known  proportions,  the  temperature  after  mix- 
ture will  not  be  the  proportional  mean,  as  would  be  the  case  if  both 
were  liquid,  but  will  fall  short  of  it ;  much  of  the  heat  of  the  hotter 
body  being  consumed  in  rendering  the  colder  solid  liquid,  before  it 
produces  any  effect  upon  its  sensible  temperature. 

178.  Equal  parts  of  water  at  32°,  and  of  water  at  212°,  will  pro- 
duce on  mixture  a  mean  temperature  of  122°.  But  equal  parts  of 
ice  at  32°,  and  of  water  at  212°,  will  only  produce  (after  the  lique- 
faction of  the  ice)  a  temperature  of  52°,  the  greater  portion  of  the  heat 
of  the  water  being  employed  in  thawing  the  ice,  before  it  can  produce 
any  rise  of  temperature  in  the  mixture.  To  heat  thus  insensible  or 
k>ncDl  Ca"  combined,  Black  applied  the  term  latent  heat.  The  actual  loss  of 
the  thermometric  heat  in  these  cases  was  thus  estimated  ;  a  pound 
of  ice  at  32°  was  put  into  a  pound  of  water  at  172° ,  the  ice  melted, 
and  the  temperature  of  the  mixture  was  32°.    Here  the  water  was 

♦Black's  Lecture*. 
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cooled  140°,  while  the  temperature  of  the  ice  was  unaltered  ;  that  is,  gecum. 
140°  of  heat  disappeared,  their  effect  being  not  to  increase  tempera- 
ture, but  to  produce  fluidity. 

179.  In  all  cases  of  liquefaction  caloric  is  absorbed,  and  we  pro-  Cold  pro- 
duce  artificial  cold,  often  of  great  intensity,  by  the  rapid  solution  of  ^cjj  JjJu 
certain  saline  bodies  in  water.*    Upon  this  principle  the  action  of  80 
freezing  mixtures  depends,  some  of  which  may  frequently  be  conve- 
niently and  economically  applied  to  the  purpose  of  cooling  wine  or 
water  in  hot  climates,  or  where  ice  cannot  be  procured. 

Dilute  a  portion  of  nitric  acid  with  an  equal  weight  of  water ;  and,  when  the  Exp-  >• 
mixture  has  cooled,  add  to  it  a  quantity  of  light  fresh-fallen  snow.    On  immers- 
ing the  thermometer  in  the  mixture,  a  very  considerable  reduction  of  tempera- 
ture will  be  observed.    This  is  owing  to  the  absorption,  and  intimate  fixation  of 
the  free  caloric  of  the  mixture  by  the  liquefying  snow. 

Mix  quickly  together  equal  weights  of  fresh-fallen  snow  at  32°,  and  of  com-  Exp.  2. 
moo  salt,  cooled,  by  exposure  to  a  freezing  atmosphere,  down  to  32°.    The  two 
solid  bodies,  on  admixture,  will  rapidly  liquefy,  and  the  thermometer  will  sink 
32°  or  to  0°,  or  according  to  Blagden  to  4t  lower. 

To  understand  this  experiment,  it  must  be  recollected,  that  the  snow  Theory, 
and  salt,  though  at  the  freezing  temperature  of  water,  have  each  a 


*FRIGORIFIC  MIXTURES  WITH  SNOW.* 


Mixtures. 

Parts 
by  weight. 
Sea-salt,      ...  1 
Snow,              .  .2 

from  any  temperature 

rhermometer  sinks 
to  -5° 

Degree  of  Cold  pro- 
duced. 

Sea-salt,       ...  2 
Hjdrochlorate  of  ammonia,  l 
Snow,   ....  5 

to— 12° 

Sea-salt  10 

Hydrocblorate  of  ammonia,  6 
Nitrate  of  potassa,  .      .  6 
Snow.  .24 

to  -18° 

Sea-salt,    ....  6 
Nitrate  of  ammonia,  5 
Soow,  .12 

• 

to  -25° 

Diluted  sulphuric  acid.t  2 

from  +32°  to  -23° 

55  degrees. 

Concentrated  hydrochloric )  6 
acid,  ) 

1 
1 

rom  4-32°  to  -27° 

59 

Concentrated  nitrous  acid,  4 

rom  +32°  to  —30° 

62 

i  Chloride  of  calcium,    .  5 

from  +32°  to  -40° 

79 

Crystallized    chloride  of>3 

calcium,  ) 
Snow,       .              .  .2 

from  +32°  to  —50° 

82 

!  Fused  potassa,            .  4T 
1  Suow.       .       ...  3 

from  +32°  to  —61° 

83 

But  freezing  mixtures  may  he  made  by  the  rapid  solution  of  salts,  without  the  use 
of  snow  or  ice;  and  the  following  table,  taken  from  Walker's  Essay  in  thePhilosoph- 

t  Phil.  Trans.  Ixxriii.  281. 

Tbe  •now  should  be  freshly  fallen,  dry  and  uncompressed.    If  snow  cannot  be  bad,  finely 
powdered  tee  may  be  substituted  for  It. 
tMadc  of  strong  acid,  diluted  with  half  its  weight  of  snow  or  distilled  water. 


Caloric. 


considerable  portion  of  uncombined  caloric.  Now  salt  has  a  strong 
affinity  for  water ;  but  the  union  cannot  take  place  while  the  water 
continues  solid.  In  order,  therefore,  to  act  on  the  salt,  the  snow  ab- 
sorbs all  the  free  caloric  required  for  its  liquefaction ;  and  during 
this  change,  the  free  caloric,  both  of  the  snow  and  the  salt,  amount- 
ing to  32°,  becomes  latent,  and  is  concealed  in  the  solution.  This 
solution  remains  in  a  liquid  state  at  0,  or  4°  below  0  of  F. ;  but  if  a 
greater  degree  of  cold  be  applied  to  it,  the  salt  separates  in  a  con- 
crete form. 

Most  neutral  salts,  also,  during  solution  in  water,  absorb  much  ca- 
loric :  and  the  cold,  thus  generated,  is  sometimes  so  intense  as  to 
freeze  water,  and  even  to  congeal  mercury.  The  former  experiment, 
however,  (viz.  the  congelation  of  water,)  may  easily  be  repeated  on 
a  summer's  day. 

Add  to  32  drachms  of  water,  11  drachm?  of  hydrochlorate  of  ammonia,  10  of 
nitrate  wt  potassa,  and  16  of  sulphate  of  soda,  all  finely  powdered.  The  salt*  may 


ical  Transactions  for  1795,  includes  the  most  important  of  them.  The  salts  must  be 
fiaely  powdered  and  dry. 


Mixtcbbs. 

Parts 
by  weight. 

Hydrochlorate  of  ammonia,  5 
Nitrate  of  potassa,  6 
Water,  .16 

Temperature  falls 
from  +60°  to  +10° 



Degree  of  Cold  pro- 

40  degrees. 

"Hydrochlorate  of  ammonia,  5 
Nitrate  of  potassa,  .      .  5 
Sulphate  of  soda,        .  8 
Water,  16 

from  +60°  to  +4° 

46 

Water,                 .  .1 

from  +50°  to  -N° 

46 

Nitrate  of  ammonia,  1 
Carbonate  of  soda,   .      .  1 
Water  1 

from  +60°  to  —7° 

67 

Sulphate  of  soda,     ■  3 
Diluted  nitrous  acid,*  2 

from  +60°  to  —3° 

53 

Sulphate  of  soda,    .  .6 
Hydrochlorate  of  ammonia,  4 
Nitrate  of  potassa,  .      .  2 
Diluted  nitrous  acid,     .  4 

from  +60°  to  —10° 

60 

Sulphate  of  soda,           .  6 
Nitrate  of  ammonia,     .  • 
Diluted  nitrous  acid,        .  4 

from  +50°  to  —14° 

64 

Phosphate  of  soda,  9 
I'iluted  nitrons  acid,       .  4 



from  +50°  to  —12° 

62 

Phosphate  of  soda,  9 
Nitrate  of  ammonia, .      .  6 
Diluted  nitrous  acid,  4 

from  +60°  to  -21° 

71 

Sulphate  of  soda,           .  8 
Hydrochloric  arid.        .  6 

from  +60°  to  0° 

50 

Sulphate  of  soda,           .  5 
Diluted  sulphuric  acid,t  4 

from  +60°  to  +30 

47 

These  artificial  processes  for 
terials  are  previously  cooled  by 


•  Composed  of  fuming  nitrout  acid 
allowed  to  cool  before  being  used. 

t  Composed  of  equal  weights  of 


rating  cold  are  mnch  more  effectual  when  the  ma- 
iu  other  frigorific  mixtures. 

parts  in  weight,  and  one  of  water— the  mliture  being; 
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be  dissolved  separately,  in  the  order  set  down.    A  thermometer,  put  into  the    Socu  in. 
solution,  will  show,  that  the  rold  produced  is  at,  or  below  freezing ;  and  a  little 
water,  in  a  thin  glass  tube,  being  immersed  in  the  solution,  will  be  frozen  in 
a  few  minutes.    H.  1.  113.* 

Crystallized  chloride  of  calcium,  when  mixed  with  snow,  pro-  Method  of 
duces  a  most  intense  degree  of  cold.    This  property  was  discovered  Jj£"ury. 
by  Lovitz,  and  has  been  since  applied  to  the  congelation  of  mercury 
on  a  very  extensive  scale.t 

On  a  small  scale,  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt. 

Let  a  few  ounces  of  mercury,  in  a  very  thin  glass  retort,  be  immersed,  first  Exp. 
in  a  mixture  of  one  pound  of  each  ,  and,  when  this  has  ceased  to  act,  let  another 
similar  mixture  be  prepared.    The  second  will  never  fail  to  congeal  the  quick- 
silver.} 

ISO.  When  fluids  are  converted  into  solids,  their  latent  heat  be-  Latent  ca- 
comes  sensible.    Water,  if  kept  perfectly  free  from  agitation,  may  be  I,"™^"1,^6 
cooled  down  several  degrees  below  32°  ;  but,  on  shaking  it,  it  imme- 
diately congeals,  and  the  temperature  rises  to  32°. 

The  evolution  of  caloric,  during  the  congelation  of  water  is  well 
illustrated  by  the  following  experiment  of  Crawford. 


Into  a  round  tin  vessel  put  a  pound  of  powdered  ice;  surround  this  by  1. 
mixture  of  snow  and  salt  in  a  larger  vessel ;  and  stir  the  ice  in  the  inner  one,  till 
its  temperature  is  reduced  to  +  4°  F.  To  iho  ice  thus  cooled  add  a  pound  of 
water  at  32°.  One  fifth  of  this  will  be  frozon  ;  and  the  temperature  of  the  ice 
will  rise  from  4°  to  32°.  In  this  instance,  the  caloric  evolved,  by  the  congela- 
tion of  one  fifth  of  a  pound  of  water,  raises  the  temperature  of  a  pound  of  ice 
H.  1.  115. 

Dissolve  sulphate  of  soda  in  water,  in  the  proportion  of  one  part  to  five,  and  .„ 
surround  the  solution  by  a  freezing  mixture,  it  will  cool  gradually  down  to  31°.  "P* 
The  salt,  at  this  point,  begins  to  be  deposited,  and  stops  the  cooling  entirely. 


•  The  results  of  some  of  Walker's  experiments  on  this  subject,  are  given  in  the  ta- 
Hm  of  freezing  mixtures. 

t  The  proportions,  which  answer  best,  are  al>out  equal  weights  of  the  salt  finely 
powdered,  and  of  fresh  fallen  and  light  snow.  On  mixing  these  together,  and  im- 
mersing a  thermometer  in  the  mixture,  the  mercury  sinks  with  great  rapidity.  For 
measuring  exactly  the  cold  produced,  a  spirit  thermometer,  graduated  to  60°  below  0 
of  Fahrenheit,  or  still  lower  should  be  employed.  A  few  pounds  of  the  salt  are  suf- 
6am t  to  congeal  a  large  maas  of  mercury.  By  means  of  13  pounds  of  the  chloride, 
■ad  an  equal  weight  of  snow,  Pepyf  and  Allen  froze  66  pounds  of  quicksilver  into  a 
•end  mass.  The  mixture  of  the  whole  quantity  of  salt  and  snow,  however,  was  not 
aid>  at  once,  but  part  was  expended  in  cooling  the  materials  themselves. 

'.  Fig.  37,  a  very  simple  and  cheap  apparatus  may  be  employed  to  freeze  mercury. 
T  •  .  a 1 1" r  vessel  of  woo<|  may  he  twelve  an  i  a  half  idcIi.-h  square,  ami  seven  inches 
deep.  It  should  have  a  wooden  cover,  rabbeted  in,  and  furnished  with  a  handle. 
Withio  thi&  is  placed  a  tin  vessel  6  6,  standing  on  feet  which  are  one  and  a  half  inches 
■urh.  and  having  a  projection  at  the  top,  half  an  inch  Fig.  37. 

bread  and  an  inch  deep,  on  which  rests  a  shallow  tin  pan 
e  c  Within  the  second  vessel  is  a  third  d,  made  of  un- 
tinned  iron,  and  supported  by  feet  two  inches  high. 
This  vessel  is  four  inches  square,  and  is  intended  to  con- 
Uia  the  mercury.  When  the  apparatus  is  used,  a  mix- 
tore  of  bydrocnloraie  of  lime  and  snow  is  put  into  the 
outer  ve#sel  a  a,  so  as  completely  to  surround  the  middle  a 
vessel  b  b.  Into  the  latter,  the  vessel  d,  containing  the  quicksilver  to  be  frozen,  pre- 
viously cooled  down  by  a  freezing  mixture,  is  put ;  and  this  is  immediately  surroun- 
ded by  a  mixture  of  snow  and  muriate  of  lime,  previously  cooled  to  05  F.  by  an 
artificial  mixture  of  snow  and  common  salt.  The  pan  c  c  is  also  filled  with  these 
BU'.u-nai*  an  i  i.V-  «-.*».  k-ri  rov«-r  is  then  put  into  its  place.  The  vessels  are  n<<w  Mn 
toll  the  qoicksilver  is  frozen-  A  more  elegant,  but  more  expensive,  apparatus,  by 
P-rrys,  intended  for  the  same  purpose,  is  figured  in  an  early  volume  of  the  Philosophi- 
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Chap,  i.      This  evolution  of  caloric  during  the  separation  of  a  salt,  is  exactly 
"  the  reverse  of  what  happens  during  its  solution.* 

When  a  solution  of  Glauber's  salt  is  made  suddenly  to  crystal- 
lize, its  temperature  is  considerably  augmented  ;  (31  note)  and  when 
water  is  poured  upon  quicklime,  a  great  degree  of  heat  is  produced 
by  the  solidification  which  it  suffers  in  consequence  of  chemical 
combination  ;   congelation,  therefore,  is  to  surrounding  bodies  a 
heating  process,  and  liquefaction  a  cooling  process. 
Conversion     181.  When  liquids  are  heated  they  acquire  the  gaseous  form,  and 
fnto'the  8   Decome  invisible  elastic  fluids,  possessed  of  the  mechanical  proper- 
aeriform    ties  of  common  air.    By  a  sufficiently  intense  heat  every  liquid  and 
•tate.       solid  would  probably  undergo  this  change.  A  considerable  number  of 
bodies,  however,  resist  the  strongest  heat  of  our  furnaces  without  va- 
porizing.   These  are  said  to  be  fixed  in  the  fire :  those  which,  under 
the  same  circumstances,  are  converted  into  vapour,  are  called  volatile. 
This  effect  of  caloric  is  termed  Vaporization. 
Vapours  ^aPours  are  characterized  by  the  readiness  with  which  they 

"  are  convertible  into  liquids  or  solids,  either  by  a  moderate  increase 
of  pressure,  the  temperature  at  which  they  were  formed  remaining 
the  same,  or  by  a  moderate  diminution  of  that  temperature,  without 
change  of  pressure.  They  retain  this  form  or  state  as  long  as  their 
temperature  remains  sufficiently  high,  but  re-assume  the  liquid  form 
when  cooled  again. 

£     |  Fill  a  jar  with  water  heated  to  104°  and  invert  it  in  a  vessel  of  the  same.  Then 

^  '  introduce  a  little  ether  by  means  of  a  glass  tube  closed  at  one  end.  The  ether 
will  rise  to  the  top  of  the  jar,  and,  in  its  ascent  will  be  changed  into  gas,  filling 
the  whole  jar  with  a  transparent,  invisible,  elastic  fluid.  On  permitting  the 
water  to  cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again  becomes 
filled  with  water. 

Exp.  2  Or  more  beautifully  thus.    Fill  a  glass  tube  about  thirty  inches  long  and 

an  inch  in  diameter,  with  quicksilver,  and  invert  it  in  the  mercurial  trough.  Pass 
up  from  a  small  bottle  an  ounce  or  more  of  ether ;  after  it  has  collected  upon  the 
surface  of  the  quicksilver  in  the  tube,  it  may  be  made  to  boil  by  the  heat  of  the 
hand  by  grasping  the  tube  at  that  part  where  the  ether  stands ;  which  will  pass 
to  the  state  of  vapour  and  depress  the  mercurial  column. 

Difference  183.  The  disposition  of  various  substances  to  yield  vapour  is  very 
of  density,  different ;  and  the  difference  depends  doubtless  on  the  relative  pow- 
er of  cohesion  with  which  they  are  endowed.  Vapours  occupy 
more  space  than  the  substances  from  which  they  were  produced. 
According  to  the  experiments  of  Gay  Lussac,  water,  at  its  point  of 
greatest  density,  in  passing  into  vapour,  expands  to  1696  times  its 
volume,  alcohol  to  659  times,  and  ether  to  443  times,  each  vapour  be- 
ing at  a  temperature  of  212°  F.  and  under  a  pressure  of  29.92  inches 
of  mercury.  This  shows  that  vapours  differ  in  density.  Watery 
vapour  is  lighter  than  air  at  the  same  temperature  and  pressure,  in 
the  proportion  of  1000  to  1604 ;  or  the  density  of  air  being  1000, 
that  of  watery  vapour  is  625.  The  vapour  of  alcohol,  on  the  contra- 
ry, is  half  as  heavy  again  as  air ;  and  that  of  ether  is  more  than 
twice  and  a  half  as  heavy. 
Dilatation  184.  The  dilatation  of  vapours  by  heat  was  found  by  Gay-Lus- 
»•  sac  to  follow  the  same  law  as  gases,  that  is,  for  every  degree  of 
Fahrenheit,  they  increase  by  ^n-th  of  the  volume  they  occupied  at 
32°.    But  the  law  does  not  hold  unless  the  quantity  of  vapour  con- 

♦  Blagden,  Phil.  Traru.  Uxviii.  290. 
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tinue  the  same.  If  the  increase  of  temperature  cause  a  fresh  por-  Sect,  m. 
tion  of  vapour  to  Tise,  then  the  expansion  will  be  greater  than  Tj0th 
for  each  degree  ;  because  the  heat  not  only  dilates  the  vapour  pre- 
Tiously  existing  to  the  same  extent  as  if  it  were  a  real  gas,  but  aug- 
ments its  bulk  by  adding  a  fresh  quantity  of  vapour.  The  contrac- 
tion of  a  vapour  on  cooling  will  likewise  deviate  from  the  above  law, 
whenever  the  cold  converts  any  of  it  into  a  liquid  ;  an  effect  which 
must  happen,  if  the  space  had  originally  contained  its  maximum  of 
Tapour* 

The  volume  of  vapour  varies  under  varying  pressure  according  to  Influenced 
the  same  law  as  that  of  gases,  provided  always  that  the  gaseous  ||JI£re'" 
iUte  is  preserved.    This  law,  discovered  by  Boyle  and  Mariotte,  is 
more  fully  explained  in  the  section  on  atmospheric  air,  and  merely 
expresses  the  fact  that  the  volume  of  gaseous  substances  at  a  constant 
temperature  is  inversely  as  the  pressure  to  which  they  are  subject. 

1S5.  The  temperature  at  which  vapour  rises  with  sufficient  free- 
•iom  for  causing  the  phenomena  of  ebullition,  is  called  the  boiling  point  of 
point.  The  heat  requisite  for  this  effect  varies  with  the  nature  of  jjjjjjj  dif" 
•he  fluid.  Thus,  sulphuric  ether  boils  at  96°  F.  alcohol  at  173°  and 
pure  water  at  212°  ;  while  oil  of  turpentine  must  be  raised  to  316°, 
ud  mercury  to  662°,  before  either  exhibits  marks  of  ebullition.  The 
appearance  of  boiling  is  owing  to  the  formation  of  vapour  at  the  bot- 
tom of  the  vessel,  and  it  escapes  through  the  heated  fluid  above  it. 

1-96.  The  boiling  point  of  the  same  liquid  is  constant,  so  long  as  Boiling 
the  neressary  conditions  are  preserved  ;  but  it  is  liable  to  be  affected  P^j°J  JJJ- 
kjy  several  circumstances.    The  nature  of  the  vessel  has  some  influ-* 


snme  cir- 


nec  upon  it  Thus  Gay  Lussac  observed  that  pure  water  boils  pre-  cumstan- 
eisely  at  212°  in  a  metallic  vessel  and  at  214°  in  one  of  glass.  It  isce*- 
likewise  affected  by  the  presence  of  foreign  substances.  Bostock 
found  that  ether,  heated  in  a  glass  vessel,  had  its  boiling  point  lower- 
ed nearly  60°  by  introducing  a  few  chips  from  a  cedar  pencil,  and 
alcohol  of  s.  g.  849  had  its  boiling  point  reduced  by  a  similar  cause 
toween  30°  and  40°.  The  boiling  point  of  water,  heated  in  a  glass 
TM5el,  was  brought  down  4°  or  5°  by  the  same  means.*  By  put- 
ting coils  of  wire  into  liquids,  heated  in  glass  vessels  with  a  view  to 
dutillation,  they  are  mnde  to  boil  readily,  quietly  and  some  degrees 
lower  than  they  would  otherwise  do.  It  is  of  course  necessary  to 
u»e  a  metal  which  will  not  be  acted  upon  by  the  liquid. 

1S7.  A  circumstance  which  has  great  influence  over  the  boiling 
point  and  vaporization  of  fluids  is  variation  of  pressure.    By  the  JJJg^uJjJ" 
^>ere  removal  of  atmospheric  pressure,  ether  will  be  converted  into 
vapour  at  the  common  temperature  of  the  atmosphere. 

Into  a  glan  tube,  about  six  inches  long,  and  half  an  inch  in  diameter,  put  a  £Xp> 
tewooonful  of  ether,  and  fill  up  tho  tube  with  water;  then,  pressing  the  thumb 
ro  the  op«>n  end  of  the  tube,  place  it,  inverted,  in  n  jar  of  water.  Let  tho  whole 
m  *t  under  the  receiver  of  an  air-pump,  and  exhaust  tho  air.  Tho  other  will  be 
cstnged  into  gas,  which  will  expel  the  water  entirely  from  the  tube.  On  rc-ad- 
■uUmg  the  air  into  the  receiver,  the  gas  is  again  condensed  into  a  liquid  form. 

From  the  experiments  of  the  late  Prof.  Robison  it  appears  that  Foiling 
'*}uids  boil  in  a  vacuum  at  a  temperature  140°  lower  than  in  the  PJml  m  Ta" 
*p*n  air.t    Thus  water  boils  at  72°  F.,  alcohol  at  36,°  and  ether  atCU°' 
-44*.    This  proves  that  a  liquid  is  not  necessarily  hot  because  it 

■  Ann.  of  Phdo*.  N.  S.  is.  1M.      t  Black's  Leeturm,  Vol.  i.  p.  161. 
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chap.  I    boils.    The  heat  of  the  hand  is  sufficient  to  F'8_33:_ 

make  ether  boil  in  a  vacuum,  as  is  exem-  A 

plified  by  the  Pulse  Glass. 
Effectof  188.  Even  the  ordinary  variations  in  the  weight  of  the  air,  as 
densuySor  measured  by  the  barometer,  are  sufficient  to  make  a  difference  in  the 
the  air.  boiling  point  of  water  of  several  degrees.  When  the  barometer  is 
Altitudes   at  28  inches,  water  will  boil  at  the,  temperature  of  20S,43°,  when  at 

byltheain6d  30  inchos  at  212°'  and  when  al  31  at  213»76°-  At  lhe  t0P  of  Moum 
boiling      Blanc.  Saussure  found  that  it  boiled  at  187°,  so  that  the  heights  of 


mountains,  and  even  of  buildings,  may  be  calculated  by  reference 

to  the  temperature  at  which  water  boils  upon  their  summits.0 

Example  or    The  following  apparently  paradoxical  experiment  also  illustrates 

pressured- tne  'n^uence  °f  diminished  pressure  in  facilitating  ebullition. 

diluting 
ebullition. 

Exp. 


Fig  39. 


Insert  a  stopcock  securely  into  the  neck  or  a  Florence  flask,  Fig. 
39,  containing  a  little  water,  and  heat  hover  a  lamp  till  the  water 
boils,  and  tho  steam  freely  escapes  by  the  open  slop  cock  ;  then 
suddenly  remove  the  lamp  and  close  tho  cock.  The  water  will 
soon  cease  to  boil ;  butir  plunged  into  a  vessel  or  cold  water,  ebul- 
lition instantly  recommences,  but  ceases  iT  the  flask  be  held  near 
tho  fire  :  the  vacuum  in  this  case  being  produced  by  the  condensa- 
tion oi* the  steam. t 

Example  or    ]89.  Water  ctnnot  be  heated  under  common  circumstances  beyond 
ry^flfect'oV  212°  F.  because  it  then  acquires  such  an  expansive  force  as  enables  it 
pressure,    to  overcome  the  atmospheric  pressure,  and  to  fly  off  in  the  form  of 
vapour.    But  if  subjected  to  sufficient  pressure,  it  may  be  heated  to 
any  extent  without  boiling.    The  elasticity  of  steam  increases  in  a 
greater  ratio  than  the  temperature  at  which  it  is  produced  .  thus  if  it  be 


1  at  212^ 
it  is  2  "  250. 5 


4  at  293.7 
8  «  341.78 


1G  at  398.48 
24  m  433.57 


n»  40. 


Marcci't  appft 


Or  steam  at  these  temperatures,  has  2,  4, 8,  16,  and 
24  limes  the  elastic  force  of  steam  at  212°.t 

*  Wollaston  has  described  the  method  or  constructing  a 
thermometer  or  extreme  delicacy,  applicable  to  these  pur- 
poses.* 

t  The  experiment  may  be  varied  by  placing  the  flask  ia 
an  inverted  position  in  the  ring  of  a  retort-stand  and  blow- 
ing upon  it  with  a  pair  of  bellows. 

♦  For  making  experiments  on  this  subjict,  the  apparatus, 
represented  Fig.  40,  contrived  by  Marcet,  will  be  found  ex- 
tremely useful,  a  is  a  strong  brass  globe,  composed  of  two 
hemispheres  screwed  together  with  flanches ;  a  portion  or 
quicksilver  is  introduced  into  it,  and  it  is  then  about  hair 
hlled  with  water,  6  is  a  barometer  tube  passing  through  a 
steam-tight  collar,  and  dipping  into  the  quicksilver  at  the 
bottom  or  the  globe,  c  is  a  thermometer  graduated  to  about 
400°,  and  also  passing  through  au  air-light  collar,  d  is  a 
stop  cock,  and  e  a  large  spirit  lamp.  The  whole  is  supported 
upon  the  brass  frame  and  stand  f.  Upon  applyiug  heat  to 
this  vessel,  the  stop  cock  being  closed  as  soon  as  the  water 
boils,  it  will  l»e  found  that  the  temperature  or  the  water  and 
its  vapour  increases  with  the  pressure,  which  is  measured 
by  the  ascent  of  the  mercury  in  the  barometer  lube.  The 
thermometer  under  atmospheric  pressure  being  at  218°,  will 
be  elevated  to  217°  under  a  pressure  of  live  inches  of  mer- 
cury, and  to  242°  under  a  pressure  of  30  inches,  or  therea- 
bouts ;  each  inch  of  mercury  producing  by  its  pressure  a  rise 
of  about  1°  iu  the  thermometer.  The  barometer  tube  also 
serves  the  purpose  or  a  safety-valve,  the  strength  ot*  the  brass 
globe  being  such  as  to  resist  a  greater  pressure  than  that  or 
one  atmosphere. 

*FhU.  7 raw.  181T. 


Digitized  by  Google 


Freezing  of  Mercury. 


57 


190.  Evaporation  as  well  as  ebullition  consists  in  the  formation  of  Sect  in. 
vapour,  and  the  only  assignable  difference  between  them  is,  that  the  Evapora- 
ooe  takes  place  quietly,  the  other  with  the  appearance  of  boiling.  lion- 
Evaporation  occurs  at  common  temperatures.    This  fact  may  be 

proved  by  exposing  water  in  a  shallow  vessel  to  the  air  for  a  few  days, 
when  it  will  gradually  diminish,  and  at  last  disappear  entirely. 
Most  liquids,  if  not  all  of  them,  are  susceptible  of  this  gradual  dissi- 
pation ;  and  it  may  also  be  observed  in  some  solids,  as  for  example 
ta  camphor.  Evaporation  is  much  more  rapid  in  some  liquids  than 
in  others,  and  it  is  always  found  that  those  liquids,  the  boiling  point 
of  which  is  lowest,  evaporate  with  the  greatest  rapidity.  Thus  alco- 
hol, which  boils  at  a  lower  temperature  than  water,  evaporates  also 
more  freely  ;  and  ether,  whose  point  of  ebullition  is  yet  lower  than 
that  of  alcohol,  evaporates  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evaporation 
»re  extent  of  surface,  and  the  state  of  the  air  as  to  temperature,  dry- 
ness, stillness,  and  density. 

191.  The  conversion  of  a  liquid  into  vapour  is  always  attended  Sensible,©* 
«ith  great  loss  of  thermometric  heat ;  and  as  liquids  may  be  regarded  Jj^j"^"6 
as  compounds  of  solids  and  heat,  so  vapours  may  be  considered  as  ,enti 
consisting  of  a  similar  combination  of  heat  with  liquids;  in  other 

wirds,  a  great  quantity  of  heat  becomes  latent  during  the  formation 
of  vapour. 

Moisten  a  thermometer  with  alcohol,  or  with  ether,  and  expose  it  to  the  air,  gJf_> , 
wetting  these  operations  alternately.    The  mercury  of  the  thermometer  will 
»nk  tt  each  exposure,  because  the  volatile  liquor,  during  the  evaporation,  robs 
it  of  its  heat    In  this  wav,  (especially  with  the  aid  of  an  apparatus,  described 
by  M.  CivaJlo,  in  the  Philosophical  Transactions,  1781,  p.  &09,)  water  may  be 
frozen,  in  a  thin  and  small  glass  ball,  by  means  of  ether.    The  same  effect  may 
b«  obuuned,  also,  by  immersing  a  tube,  containing  water  at  the  bottom,  in  a  glass  ExP-  a* 
of  ether,  which  is  to  be  placed  under  the  receiver  of  an  air  pump  ;  or  the  ether 
but  be  allowed  to  float  on  the  surface  of  the  water.    During  the  exhaustion 
<**  ti»  vessel,  the  ether  will  evaporate  rapidly,  and,  robbing  the  water  of  heat, 
will  completely  freeze  it ;  thus  exhibiting  the  singular  spectacle  of  two  tluids  in 
with  each  other,  one  of  which  is  in  the  act  of  bailing,  and  the  other  of 
at  the  same  moment. 


By  a  little  modification  of  the  experiment,  mercury  itself,  which  Marcet's 
requires  for  congelation  a  temperature  of  almost  40°  below  0  of  F.,  method  of 
.     •  >  (•  •  frozen,  as  was  first  shown  by  Marcet.* 

•A  conical  receiver,  (Fig.  41,)  open  at  the  top,  is  placed  on  the        Fif  41. 
pta*»f  an  air  pump,  and  a  small  tube  with  a  cylindrical  bulb  at 
iu  lower  end,  containing  m«  r<  ury,  is  suspended  within  the  receiver, 
ti>roo?h  the  aperture,  by  means  of  a  brass  plate,  perforated  in  its  cen- 
uv,  tad  fitting  the  receiver  air-tight,  when  laid  upon  its  open  neck. 
The  tor*  passes  through  this  plate  to  which  it  is  fitted  by  a  leather 
•djnttmem.  or  simply  by  a  cork  secured  with  sealing  wax.  The  bulb 
J*  tbeo  wrapped  up  in  a  little  cotton  wool,  or,  what  is  better,  in  a 
I  bsff  of  fine  fleecy  hosiery,  in  which  a  small  spirit  thermometer 
I  below  40°  F.,  may  also  be  included,  and  after  being  dipped 
uto  sulphuret  of  carbon  or  ether,*  the  apparatus  is  quickly  placed 
swer  the  receiver,  which  is  exhausted  as  rapidly  as  possible.  In 
t»o  or  three  minutes,  the  temperature  sinks  to  about  45°  below  0.  at 
■tweh  moment  the  quicksilver  in  the  stem  suddenly  descends  with 
Cut  rapidity.    If  it  be  desired  to  exhibit  the  mercury  in  a  solid 
•ute.  common  tul<es  may  be  used,  which  have  originally  been  about 
m  inch  in  diameter,  but  have  been  flatteued  by  pressure,  when  softened  by  the  blow- 
up*.  The  experiment  succeeds,  when  the  temperature  of  the  room  is  as  high  as 
t  40*  Fahrenheit.   H.  126. 
•  In  eihauelin*  a  vessel  containing  either  of  thsss  fluids,  the  valves  of  the  sir  pump  should  be 
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Cfap  '»  192.  The  loss  of  sensible  heat  attending  the  formation  of  vapour, 
Tempera-  is  proved  by  the  well  known  fact  that  the  temperature  of  steam  is 
Biclm       precisely  the  same  as  that  of  the  boiling  water  from  which  it  rises; 

so  that  all  the  heat  which  enters  into  the  liquid,  is  solely  employed 
in  converting  a  portion  of  it  into  vapour,  without  affecting  the  tern- 
perature  of  either  in  the  slightest  degree,  provided  the  latter  is  per- 
mitted to  escape  with  freedom.  The  heat  which  then  becomes  latent, 
to  use  the  language  of  Black,  is  again  set  free  when  the  vapour  is 
condensed  into  water.  The  exact  quantity  of  heat  rendered  insensi- 
ble by  vaporization,  may,  therefore,  be  ascertained  by  condensing  the 
vapour  in  cold  water,  and  observing  the  rise  of  temperature  which 
ensues.  From  the  experiments  of  Black  and  Watt,  conducted  ou  this 
principle,  it  appears  that  steam  of  212°,in  being  condensed  into  water 
of  212°,  gives  out  as  much  heat  as  would  raise  the  temperature  of  an 
equal  weight  of  water  by  950  degrees,  all  of  which  had  previously  ex- 
isted in  the  vapour  without  being  sensible  to  a  thermometer. 
Latent  he«t  The  latent  heat  of  steam  and  several  other  vapours  has  been  exa* 
mined  by  Ure,  whose  results  are  contained  in  the  following  table. 
(Phil.  Trans.  1818.) 


Vapour  of  water  at  ito  boiling  point       .  967  J 

Alcohol    ......  442 

Ether  .....  302.379 

Petroleum  .....  177.87 

Oil  of  turpentine  .  177.87 

Nitric  acid  .....  531.99 

Liquid  ammonia  .  837.28 

Vinegar,   ......  875- 

193.  The  large  quantity  of  heat,  latent  in  steam,  renders  its  ap- 

When  a  jet  of  liquid  carbonic  acid  is  directed  upon  mercury,  it  is  so  rapidly  vaporized 
that  the  mercury  is  frozen.  The  pipes  connected  with  the  fountains  from  which  soda 
water  is  drawn,  are  often  closed  by  ice,  formed  on  the  sudden  escape  and  expansion  of 
the  last  portion  of  water  and  compressed  gas. 

♦The  smail  boiler,  represented  in  Fig.  42,  taken  from  Henry's  Elements  of  Che- 
mistry, may  be  conveniently  Fig.  42. 
employed  in  experiments  on 
the  latent  heat  ol  steam. 

For  this  purpose  the  tube  c 
must  be  screwed  ou  the  stop- 
cock b,  and  immersed  into  the 
glass  of  water  /.  The  cock  c 
being  closed,  the  steam  arising 
from  the  boiling  water  a  will 
pass  into  the  cold  watery",  the 
temperature  of  which  will  be 
much  augmented  by  its  con- 
densation. Ascertain  the  in- 
crease of  temperature  and 
weight,  and  the  result  will 
show  how  much  a  given  weight 
of  water  has  had  its  tempera- 
ture raised  by  a  certain  weight 
of  condensed  steam.  To  ano- 
ther quantity  of  water  of  the 
same  weight  and  temperature 
as  that  in  the  jar  at  the  outset 
of  the  experiment,  add  a  quan- 
tity of  water  at  212°,  equal  in  weight  to  the  condensed  steam;  it  will  be  found,  on 
comparing  the  resulting  temperatures,  that  a  given  weight  of  steam  has  produced,  by 
its  condensation,  a  much  greater  elevation  of  temperature  than  the  same  quantity  of 
boiling  water. 
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plication  extremely  useful  for  practical  purposes.  Thus  water  may  be  Sect,  m. 

healed  at  a  considerable  distance  from  the  conducting  pipe*.  (Fig. 42.)  Economical 

This  furnishes  us  with  a  commodious  method  of  warming  the  water  a**  of 

of  baths,  which,  in  certain  cases  of  disease,  it  is  of  importance  to  have 

near  the  patient's  bed-room  ;  for  the  boiler,  in  which  the  water  is 

heated,  may  thus  be  placed  on  the  ground  floor,  or  in  the  cellar  of  a 

house ;  and  the  steam  conveyed  by  pipes  into  an  upper  apartment. 

Steam  may  also  be  applied  to  the  purpose  of  heating  or  evaporating™*"8 

water,  by  a  modification  of  the  apparatus.*    In  breweries  and  other  in  some 

manufactories,  where  large  quantities  of  warm  and  boiling  water  arearts- 

consumed  it  is  frequently  heated  by  conveying  steam  into  it,  or  by 

suffering  steam-pipes  to  traverse  the  vessels  or  by  employing  double 

vessels,  a  plan  adopted  with  particular  advantage  in  the  preparation 

of  medicinal  substances.    Where  a  higher  temperature  than  212°  is 

required  it  is  necessary  to  employ  steam  under  adequate  pressure. 

194.  The  perfect  transparency  of  steam,  and  also  two  other  impor-  Steam  ia 

tant  properties,  on  which  depends  its  use  as  a  moving  power,  viz.  its  j^*P* 

elasticity  and  its  condensibility  by  a  reduced  temperature,  are  beau 

tifully  shown  by  a  little  apparatus  contrived  by  Wollaston. 

it  consists  of  a  glass  tube  (Fig.  43)  about  6  inches  long  ^  Fig  43. 
and  |  inch  bore,  as  cylindrical  as  possible,  and  blown  out  a 
tittle  at  the  lower  end.  It  has  a  wooden  handle,  to  which  is 
attached  a  brass  clip  embracing  the  tube  ;  and  within  is  a 
piston,  which,  as  well  as  its  rod,  is  perforated,  as  shown  by 
the  dotted  lines.  This  canal  may  be  occasionally  opened 
or  closed  by  a  screw  at  the  top  :  and  tho  piston  rod  is  kept 
in  the  axis  of  the  cylinder  by  being  passed  through  a  pieoe 
of  cork  fixed  at  the  "top  of  the  tube.  When  tho  instrument 
is  used,  a  little  water  is  put  into  the  bottom;  the  piston  is 
then  introduced  with  its  aperture  left  open  ;  and  the  water 
»  heated  over  a  spirit  lamp.  The  common  air  is  thus  eipelled 
From  the  tube,  and  when  this  may  bo  supposed  to  be  effect- 
ed, the  aperture  in  the  rod  is  closed  by  the  screw.  On  ap- 
plying heat,  steam  is  produced,  which  drives  the  piston  up- 
wards.   On  immersing  the  bulb  in  water,  or  allowing  it  to 

*  Fig  42,  g  represents  tbe  apparatus  for  boiling  water  by  the  condensation  of  steam, 
vnthout  adding  to  its  Quantity ;  a  circumstance  occasionally  of  considerable  importance. 
The  steam  is  received  between  the  vessel,  wbicb  contains  the  water  to  be  heated,  and  an 
exterior  case  ;  it  imparts  its  caloric  to  the  water,  through  the  substance  of  the  vessel ; 
is  thus  condensed,  and  returns  to  the  boiler  by  the  perpendicular  pipe.  An  altera- 
tion of  the  form  of  the  vessel  adapts  it  to  evaporation  (rig.  42,  A).  This  method  of 
evaporation  is  admirably  suited  to  tbe  concentration  of  liquids,  that  are  decomposed, 
or  injured  by  a  higher  temperature  than  that  of  boiling  water,  such  as  medicinal  ex- 
tracts; to  the  drying  of  precipitates,  &c.  In  the  employment  of  either  of  these  vessels, 
it  is  expedient  to  surround  it  with  some  slow  conductor  of  heat.  On  a  small  sca'e 
a  few  folds  of  woollen  cloth  are  sufficient ;  and  when  the  vessel  is  constructed  of  a 
lar?e  size  for  practical  use,  this  purpose  is  served  by  the  brick  work  in  which  it  is 
placed.    H.  I.  136. 

A  very  convenient  apparatus  for  drying  precipitates,  &.c.  by  steam  is  described  by  Ure.  ur»'»  (trying 
A  square  tin  box,  about  18  inches  long,  12  broad,  and  6  deep,  has  its  bottom  hollowed  a  »Pi*r»tu* 
little  by  the  hammer  towards  its  centre,  in  which  a  round  hole  is  cut  of  5  or  6  inches 
diameter.    Into  this  a  tin  tube,  3  or  4  inches  long,  is  soldered.   This  tube  is  made  to 
ft  tightly  into  tbe  mouth  of  a  common  teakettle,  which  has  a  folding  handle.  The 
top  of  the  box  has  a  number  of  circular  holes  cut  into  it,  of  different  diameters,  in 
wbeh  evaporating  capsules  are  placed.    When  the  kettle,  filled  with  water,  and  with 
its  nozzle  corked,  is  set  on  a  stove,  the  vapour  playing  on  the  bottoms  of  the  capsules, 
heats  them,  to  any  required  temperature;  aud  being  itself  continually  condensed  runs 
beck  into  the  kettle.   The  orifices  not  in  use  may  be  closed  with  tin  lids.    In  drying 
precipitates,  the  tube  of  the  glass  funnel  should  be  corked  up,  and  the  funnel  be  placed, 
with  its  filter,  directly  into  the  proper  sized  opening.   For  drying  red  cabbage,  violet 
petals,  Jtc.  a  Un  tray  is  provided,  which  fits  cloae  on  the  top  of  the  box,  within  the  rim 
which  goes  about  it.   The  round  orifices  arc  left  open  when  this  tray  is  applied 
(Diet.  Chem.  291.) 
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Chap  I     0O°'  sPont*n«mwly,  a  vacuum  is  produced  in  the  tube,  and  tho  piston  is  forced 

  '■  downwards  by  tho  weight  of  the  atmosphere.  These  appearances  may  be  alter- 
nately produced  by  repeatedly  heating  and  cooling  the  water  in  the  ball  of  the 
instrument. 

In  the  original  steam  engine,  the  vapour  was  condensed  in  the 
cylinder,  as  it  is  in  the  glass  tube ;  but  in  the  engine  as  improved  by 
Watt,  the  steam  is  pumped  into  a  separate  vessel,  and  there  con- 
densed ;  by  which  the  loss  of  heat,  occasioned  by  cooling  the  cylin- 
der every  time,  is  avoided. 
Reduction  19-5-  Liquids  assume  the  aeriform  state  much  more  rapidly  under 
tempera-  a  diminished  pressure,  especially  if  the  vapour  which  is  formed,  be 
nuioraika.  conulensed  as  soon  as  it  is  produced,  so  as  to  maintain  the  vacuum ; 

and  the  cold  produced  is  very  great. 
Leslie's  On  this  principle  depends  Leslie's  ingenious  mode  of  freezing 
nethod  of  vvater,  in  an  atmosphere  of  any  common  temperature,  by  producing  a 
water08'  rapid  evaporation  from  the  surface  of  the  water  itself.  The  water  to 
be  congealed  is  contained  in  a  shallow  porous  vessel,  which  is  sup- 
ported above  another  vessel,  containing  strong  sulphuric  acid,  or  dry- 
chloride  of  calcium  ;  or  even  dried  garden  mould  or  parched  oatmeal. 
Any  substance,  indeed,  that  powerfully  attracts  moisture,  may  be 
applied  to  this  purpose.  The  whole  is  covered  by  the  receiver  of  an 
air  pump,  which  is  rapidly  exhausted  ;  and  as  soon  as  this  is  effected, 
crystals  of  ice  begin  to  shoot  in  the  water,  and  a  considerable  quan- 
tity of  air  makes  its  escape,  after  which  the  whole  of  the  water  be- 
comes solid.  The  rarefaction  required  is  to  about  100  times  ;  but  to 
support  congelation,  after  it  has  taken  place,  20  or  even  10  times  are 
sufficient.  The  sulphuric  acid  becomes  very  warm ;  and  it  is  re- 
markable, that,  if  the  vacuum  be  kept  up,  the  ice  itself  evaporates. 
In  five  or  six  days,  ice  of  an  inch  in  thickness  will  entirely  disappear. 
The  acid  continues  to  act,  till  it  has  absorbed  an  equal  volume  of  water.* 
In  this  interesting  process,  if  it  were  not  for  the  sulphuric  acid,  an 
atmosphere  of  aqueous  vapour  would  fill  the  receiver ;  and,  pressing 
on  the  surface  of  the  water,  would  prevent  the  further  production  of 
vapour.  But  the  steam,  which  rises,  being  condensed  the  moment  it  is 
formed,  the  evaporation  goes  on  very  rapidly,  and  has  no  limits  but  the 
quantity  of  the  water,  and  the  diminished  concentration  of  the  acid. 
Wollas-  196.  It  is  on  the  same  principle,  that  the  instrument  invented  by 
t's  Cryo-  Wollaston,  and  termed  by  him  the  Cryophorus,  or  Froslbearer,  is 
founded.  (Fig.  46.)  When  an  instrument  of  this  kind  is  well  prepared,  if 
the  empty  ball  be  immersed  in  a  mixture  of  snow  and  salt,  the  water  in 


*  This  beautiful  experiment  is  not  successful  with  pumps  on 
the  usual  construction.  Pump*  are  now  made  by  Chamberlain  of 
Boston,  which  produce  the  effect  with  ease  and  rapidity.  See 
Frontispiece. 

An  elegant  manner  of  making  the  experiment  is  to  cover  the 
vessel  of  water  (Fig.  41,  a)  with  a  plate  of  metal  or  glass,  fixed  to 
the  cod  of  a  sliding  wire  b,  which  must  pass  through  the  neck  of 
the  receiver,  and  In-  at  the  same  time  air  tight,  and  capuMe  of  ta- 
ins drawn  upward*.  When  the  receiver  is  exhausted,  the  water 
will  continue  fluid,  till  the  cover  is  removed,  when,  in  less  than 
five  minuir*  needle-shaped  crystals  of  ice  will  shoot  through  it, 
■nd  the  whole  will  soon  become  frozen. 


44. 


Digitized  by  Google 


Effects  of  Evaporation. 


the  other  ball,  though  at  the  distance  of  two  or  three  feet,  will  be  s«cUH. 
frozen  solid  in  the  course  of  a  very  few  minutes.* 

197.  The  disappearance  of  heat  that  accompanies  vaporization  was 
explained  by  Black,  in  the  way  already  mentioned  under  the  head  of 
liquefaction,  (177.) 

The  variation  of  volume  and  elasticity  in  vapours  is  attended,  as 
in  gases,  with  a  change  of  specific  heat  and  a  consequent  variation  of 
temperature.  Thus  when  steam,  highly  heated  and  compressed  in  a 
strong  boiler,  is  permitted  to  escape  by  a  large  aperture,  the  sudden 
expansion  is  attended  with  a  great  loss  of  sensible  heat :  its  tempera- 
tare  instantly  sinks  so  much,  that  the  hand  may  be  held  in  the  cur- 
rent of  vapour  without  inconvenience.  The  same  principle  accounts 
for  the  fact,  first  ascertained  by  Watt,  that  distillation  at  a  low  tem- 
perature is  not  attended!  with  any  saving  of  fuel.  For  when  water 
boils  at  a  low  temperature  in  a  vacuum,  the  vapour  is  in  a  highly 
expanded  state,  and  contains  more  insensible  heat  than  steam  of 
greater  density. 

198.  In  many  natural  operations  the  conversion  of  water  into  va- 
pour, and  the  condensation  of  vapour  in  the  form  of  dew  and  rain,  is 
a  process  of  the  utmost  importance,  and  tends  considerably  to  the 
equalization  of  temperature  over  the  globe. 

Water,  as  has  been  seen  (192)  in  passing  into  vapour  from  heat, 
absorbs  caloric  without  increasing  in  temperature ;  this  vapour  as- 
cends in  the  atmosphere  ;  when  the  heat  diminishes,  or  when  wafted 
to  colder  regions,  it  is  condensed,  and  gives  out  the  caloric  it  had  ab-  Tempera- 
sorbed.    In  seasons  or  situations  where  the  cold  becomes  still  more  ltjre  °f ll,e 
intense,  water  is  congealed ;  and  in  suffering  this  change  it  evolves  Jqu^,ZedL 
caloric  (180)  to  moderate  the  progressive  reduction  of  temperature. 
When  warmth  is  restored,  it  returns  to  the  liquid  state,  absorbs  calo- 
ric, and  retards  the  approaching  heat.    The  transition  of  seasons  is 
thus  moderated  ;  sudden  and  extreme  variations  are  guarded  against, 
and  the  temperature  of  the  globe  everywhere  preserved  more  uni- 
form.   M.  1.  480. 

199.  As  evaporation  goes  on  to  a  certain  extent  even  at  low  tem- 

•It  may  be  formed  by  taking  a  glass  lube,  having  Fig.  43. 

aa  internal  diameter  about  \\h  of  an  inch,  ihe  tube  be-     /(  1,1  1  5V 
tag  bent  to  a  right  angle  at  the  distance  ot  half  an  inch    lJS  C~) 
frwn  each  ball  (Fig.  45).  One  of  these  balls  should  be  about    V  v-/ 
id  tilled  with  water,  and  the  other  should  be  ai  perfect  a 

ncuum  as  can  readily  be  obtained,  the  mode  of  effecting  which  is  well  known  to 
those  accustomed  to  blow  glasa.  One  of  the  balla  is  made  to  terminate  in  a  capillary 
tabe ;  and  when  the  water  in  the  other  ball  has  been  boiled  over        p,g.  «e. 

a  lamp  a  considerable  time,  till  all  the  air  is  expelled,  the  capillary  f  

extremity,  through  which  the  steam  is  still  issuing  with  violence,  is 
held  in  the  flame  of  the  lamp,  till  the  force  of  the  vapour  is  so  far 
reduced,  that  the  heat  of  the  flame  t 


has  power  to  seal  it" 
The  experiment  may  be  rendered  even  more  striking,  if  per- 
formed according  to  Marcet's  modification  of  it :  tbe  empty  ball  cov- 
ered with  a  little  moist  flannel,  is  to  be  suspended  in  the  manner 
»bown  in  Fif .  46,  within  a  receiver,  over  a  shallow  vessel  of  strong 
•clphuric  acid,  and  the  receiver  is  then  to  be  exhausted.  In  both 
eases  the  vapour  in  the  empty  bail  is  condensed  by  the  common  opera- 
turn  of  cold  ;  and  the  vacuum  produced  by  this  condensation  gives 
wpportuony  for  a  fresh  quantity  to  arise  from  the  opposite  ball,  with 
»  proportional  reduction  of  the  temperature  of  its  contents. 
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chap,  i.   peratures,  it  is  probable  that  the  atmosphere  is  never  absolutely  free 
from  vapour. 

The  quantity  of  vapour  present  in  the  atmosphere  is  very  variable, 
in  consequence  of  the  continual  change  of  temperature  to  which  the 
air  is  subject.  But  even  when  the  temperature  is  the  same,  the 
quantity  of  vapour  is  still  found  to  vary  ;  for  the  air  is  not  always  in 
a  state  of  saturation.  This  variable  condition  of  the  atmosphere  as 
to  saturation  is  ascertained  by  the  hygrometer. 

200.  A  great  many  hygrometers  have  been  invented  ;  but  they  may 
all  be  referred  to  three  principles.  The  construction  of  the  first  kind  of 
hygrometer  is  founded  on  the  properly  possessed  by  some  substances 
of  expanding  in  a  humid  atmosphere,  owing  to  a  deposition  of 
moisture  within  them  ;  and  of  parting  with  it  again  to  a  dry  air,  and 
in  consequence  conlracting.  Of  these,  none  is  better  than  the  hu- 
man hair,  which  not  only  elongates  freely  from  imbibing  moisture, 
but,  by  reason  of  its  elasticity,  recovers  its  original  length  on  drying. 
*•  The  hygrometer  of  Saussure  is  made  with  this  material. 

The  second  kind  of  hygrometer  points  out  the  opposite  states  of 
dryness  and  moisture  by  the  rapidity  of  evaporation.  Water  does 
not  evaporate  at  all  when  the  atmosphere  is  completely  saturated 
with  moisture  ;  and  the  freedom  with  which  it  goes  on  at  other 
times,  is  in  proportion  to  the  dryness  of  the  air.  The  hygrometric 
condition  of  the  air  may  be  determined,  therefore,  by  observing  the 
rapidity  of  evaporation.  The  most  convenient  method  of  doing  thu 
is  by  covering  the  bulb  of  a  thermometer  with  a  piece  of  silk  or  linen, 
moistening  it  with  water,  and  exposing  it  to  the  air.  The  desceot  of 
the  mercury,  or  the  cold  produced,  will  correspond  to  the  quantity  of 
Le*,w  *-     vapour  formed  in  a  given  time.    Leslie's  hygrometer  is  of  this  kind. 

The  third  kind  of  hygrometer  is  on  a  principle  entirely  different 
from  the  foregoing.  When  the  air  is  saturated  with  vapour,  and  any 
colder  body  is  brought  into  contact  with  it,  deposition  of  moisture 
immediately  takes  place  on  its  surface.  This  is  often  seen  when  a 
glass  of  cold  spring  water  is  carried  into  a  warm  room  in  summer ; 
and  the  phenomenon  is  witnessed  in  the  formation  of  dew,  the 
moisture  appearing  on  those  substances  only  which  are  colder  than 
the  air. 

Dew  and  201.  Until  the  experiments  of  Wells*  the  deposition  of  dew  and 
Hoar  fro»t.  noar  fro8|  nati  supposed  to  depend  entirely  upon  the  reduction 
of  temperature  in  the  air  during  the  night,  and  the  conseqoont  pre- 
cipitation of  its  moisture  to  the  earth.  Wells  has  shown  that  the 
deposition  of  dew  and  hoar  frost,  is  the  consequence  of  the  radiation 
of  caloric  from  the  surface  of  the  enrth,  and  that,  under  favourable 
circumstances,  the  temperature  of  the  ground,  especially  when  it* 
covering  is  formed  of  some  substance  that  radiates  freely,  as  grass,  is 
several  degrees  below  that  of  the  atmospheric  stratum,  a  few  feet 
above  it.  It  is  this  diminished  temperature  of  the  earth's  surface, 
that  occasions  the  depositions  of  dew  and  hoar  frost,  which  are 
always  observed  to  be  most  abundantly  formed  under  a  clear  un- 
clouded sky ;  a  covering  of  clouds  serves  as  a  mantle  to  the  earth, 
and  prevents  the  free  of  radiant  caloric,  hence  the  advantage 

of  snow  and  artificial  coverings  in  protecting  plants. 
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The  temperature  at  which  dew  begins  to  be  deposited  is  called  the   Sect,  m. 
dew  point,  for  determining  which  a  very  ingenious  instrument  has  Dew  point, 
been  contrived  by  Daniell.*    (Jour.  Royal  Institut.  Vol.  8.) 

202.  »Wben  different  bodies  are  exposed  to  the  same  source  of  Conducting 
heat,  they  suffer  it  to  pass  through  them  with  very  different  degrees  for 
of  Telocity,  or  they  have  various  conducting  powers  in  regard  to  heat,  caloric, 
Among  solid  bodies,  metals  are  the  best  conductors  ;  and  silver,  gold, 

tin  and  copper,  are  better  conductors  than  platinum,  iron,  and  lead. 
Next  to  the  metals,  we  may,  perhaps,  place  the  diamond  and  topaz  ; 
tben  glass  ;  then  siliceous  and  hard  stony  bodies  in  general ;  then 
soft  and  porous  earthy  bodies,  and  wood  ;  and  lastly,  down,  feathers, 
wool,  and  other  porous  articles  of  clothing. 

203.  To  exhibit  the  general  fact,  small  cones  of  the  different  sub-  Apparatua 
stances  may  be  used  about  three  inches  high,  and  half  an  inch  in  {•£ iUuslr>" 
diameter  at  their  bases:  these  maybe  tipped  at  the  apex  with  a 

snail  piece  of  wax,  and  being  placed  on  a  heated  metallic  plate,  will 
indicate  the  conducting  powers  by  the  relative  times  required  to  fuse 
the  wax,  which  will  be  inversely,  as  the  power  of  conducting  heat.t 
The  difference  between  the  conducting  power  of  the  diamond  and 
rock  crystal  or  glass,  is  shown  by  applying  the  tongue  to  those  sub- 
stances, when  the  former  feels  colder  than  the  latter.l 

204.  Ruraford's  experiments  on  the  conducting  power  of  several  Conducting 
substances  used  as  clothing,  offer  some  interesting  results.^    He  ^jSUf 
found  that  a  thermometer  enclosed  in  a  tube  and  bulb  of  the  same  substances, 
shape,  but  large  enough  to  allow  of  an  inch  vacant  space  between 

the  two,  being  previously  heated,  required  576  seconds  to  cool  135°. 
When  16  grains  of  lint  were  diffused  through  the  confined  air,  it 
took  1032  seconds  to  undergo  the  same  change  of  temperature  ;  and 
1305  seconds,  with  the  same  weight  of  eider  down.  The  compres- 
sion of  fiVculent  substances  to  a  certain  extent,  renders  them  still 
inferior  conductors  ;  thus,  when  the  space  which  in  the  above  expe- 
riments contained  16  grains  of  eider  down  was  filled  with  32,  and 
then  with  64  grains,  the  times  required  for  the  escape  of  60  degrees 
of  heat  were  successively  increased  from  1305"  to  1475''  and 
1615". 

On  the  other  hand  to  show  the  effect  of  mere  texture,  similar  Effect  of 
comparative  trials  were  made  of  the  conducting  powers  of  equal  texture, 
weights  of  raw  silk,  of  ravellings  of  white  taffeta,  and  of  common 
sewing  silk,  of  which  the  first  has  the  finest  fibre,  the  second  less 
fine,  and  the  third,  from  being  twisted  harder,  is  much  coarser. 


*  A  leas  expensive  instrument  is  made  by  Pollock,  of  Boston ;  it  is  a  thermometer 
filed  with  ether,  having  two  bulbs  at  the  same  extremity  of  the  tube,  the  upper  one 
teiag  covered  with  muslin.  When  sulphuric  ether  is  dropped  upon  the  muslin,  the 
temperature  of  the  two  bulbs  falls,  and  a  deposition  of  dew  becomes  visible  on  the 
lover  and  exposed  bulb.  The  degree  indicated  by  the  thermometer  at  that  instant  is 
the  dew  point.* 

♦  This  experiment  may  be  varied  by  attaching  small  pieces  of  phosphorus  to  the 
cone*.  See  on  this  subject  ingenious  experiments  and  npparalus  by  Bache,  in  Am. 
Jovr.  xXTiiL  320. 

t  From  the  experiment*  of  Mayer,  of  Erlangen,  (Ann.  de  Grim,  torn-  xxx,)  it  would 
appear  that  the  conducting  powers  of  different  woods  are  in  some  measure  inversely  as 
lieu  specific  gravities,  water  being  assumed  as=  I. 

S  Phil.  Tram*.  17W. 

•  Sea  description  of  a  Portable  Hygrometer,  Hayes,  in  Jfm.  Jntr.  Sci.  xrii.  381. 
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Chap.  I  The  difference  between  these  three  modifications  of  the  same  sub- 
stance is  very  striking,  the  raw  silk  detaining  the  heat  for  1824", 
the  taffeta  ravelling  1469  ' and  the  silk  thread  only  947 '  '.* 

Practical       205.  The  different  conducting  powers  of  bodies  in  respect  to  heat,. 

app  ication.      shown  m  t^e  application  of  wooden  handles  to  metallic  vessels ; 

or  a  stratum  of  ivory  or  wood  is  interposed  between  the  hot  vessel  and 
the  metal  handle.  The  transfer  of  heat  is  thus  prevented.  Heat  is 
confined  by  bad  conductors ;  hence  clothing  for  cold  climates  con- 
sists of  woollen  materials ;  hence,  too,  the  walls  of  furnaces  are 
composed  of  clay  and  sand.  Confined  air  is  a  very  bad  conductor  of 
heat ;  hence  the  the  advantage  of  double  doors  to  furnaces,  to  pre- 
vent the  escape  of  heat;  and  of  a  double  wall,  with  an  interposed 
stratum  of  air,  to  an  ice-house,  which  prevents  the  influx  of  heat 
from  without. 

Seniations  From  the  different  conducting  powers  of  bodies  in  respect  to 

of  heat  and  heat,  arise  the  sensations  of  heat  and  cold  experienced  upon  ther  ap- 
plication  to  our  organs,  though  their  thermometric  temperature  is 
similar.  Good  conductors  occasion,  when  touched,  a  greater  sensa- 
tion of  heat  and  cold  than  bad  ones.  Metal  feels  cold  because  it 
readily  carries  off  the  heat  of  the  body;  and  we  cannot  touch  a  piece 
of  metal  immersed  in  air  of  a  temperature  moderate  to  our  sense. 
Liquidsand  Liquids  and  gases  are  very  imperfect  conductors  of  heat,  and 

gases  im-  heat  is  generally  distributed  through  them  by  a  change  of  specific 
actors COn~  gravity  ;  by  an  actual  change  in  the  situation  of  their  particles. 

Take  a  glass  tube,  ten  or  twenty  inches  long,  and  four  or  six  in  diameter. 
Exp.  Pour  into  the  bottom  part,  for  about  the  depth  of  five  inches,  water  tinged  with 

litmus,  or  cabbage,  and  fill  up  the  tube  with,  common  water,  pouring  on  the  lat- 
ter extremely  gently,  so  as  to  keep  the  two  straUi  quite  distinct.  If  the  upper 
purt  of  the  tube  be  first  heated,  the  coloured  liquor  will  remain  at  bottom ;  but 
if  the  tube  be  aAerwards  heated  at  bottom,  the  infusion  will  ascend,  and  will 
tinge  the  whole  mass  of  fluid. 

Exp.  A  convenient  method  of  exhibiting  this  has  been  contrived 

by  Hare.  (Fig.  47.)  A  glass  iar,  about  30  inches  in  height,  is 
supplied  with  as  much  colourless  water  as  will  rise  in  it  with- 
in a  few  inches  of  the  brim.  By  means  of  a  tube  descending 
to  the  bottom,  a  small  quantity  of  blue  colouring  matter  is  in- 
troduced bdoto  the  colourless  water,  so  as  to  form  a  stratum, 
as  represented  at  A  in  the  annexed  cut.  A  stratum  different- 
ly coloured,  is  formed  in  the  upper  part  of  the  vessel,  as  at  B. 
A  tin  cap,  supporting  a  hollow  tin  cylinder,  closed  at  the  bot- 
tom, ana  about  an  inch  less  in  diameter  than  the  jar,  is  next 
placed  as  it  is  seen  in  the  figure,  so  that  the  cylinder  may  be 
concentric  with  the  jar,  and  descend  about  3  or  4  inches  into 
the  water.  If  an  iron  heater  H  while  red  hot,  be  placed 
within  the  tin  cylinder,  the  coloured  water  about  it  will  Boon 
boil ;  but  the  heat  penetrates  only  a  very  small  distance  be- 
low the  tin  cylinder,  so  that  the  colourless  water,  and  the 
coloured  stratum,  at  the  bottom  of  the  vessel,  remain  undisturbed,  and  do  not 
mingle.  But  if  an  iron  ring  r  be  placed  while  red  hot,  upon  the  iron  stand  which 
surrounds  the  jar  at  S,  S,  the  liquid  soon  rises,  in  beautiful  clouds,  until  it  en- 
counters the  warmer  and  lighter  particles  which  had  been  in  contact  with  the 
tin  cylinder.t 

EXp  Fill  a  jar  with  hot  water  ;  and  place  a  cake  of  ice  on  the  surface  of  the  water. 

The  ice  will  soon  be  melted.   This  experiment  is  the  more  striking,  if  the  water 

*  Aiken's  Diet,  art.  Caloric. 

t  From  Hare's  Engraving  and  description  of  Chemical  Apparatus,  file.  Part  1st, 
■     4 1  ■ 
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used  for  forming  the  coke  of  ice,  be  previously  coloured  with  litmus  ;  for,  the  gee.  III. 
descending  current!*  of  cold  water  are  thus  made  apparent.  p  f 

Substituting  water  of  the  temperature  of^Ll°  for  the  boiling  water  used  in  this  SJJ^  8 
experiment,  Rumford  found,  that,  in  a  given  time,  a  much  greater  quantity  °f  meats 
ice  was  melted  by  the  cooler  water.  Thin  appears,  on  first  view,  rather  para- 
doxical. The  fact,  however,  is  explained  by  the  remarkable  property  of  water, 
viz.  that  when  cooled,  below  40%  it  ceases  to  contract,  and  experiences  on  the 
contrary,  an  enlargement  of  bulk.  Water,  therefore,  at  40u  (at  the  bottom  of 
which  is  a  mass  of  ice  at  32°,)  is  cooled  by  contact  with  the  ice,  and  is  expan- 
ded at  the  same  moment.  It  therefore  ascends,  and  is  replaced  by  a  hoavier  and 
wanner  portion  from  above. 

20S.  Ii  is  a  consequence  of  the  same  property,  that  the  surface  of 
a  deep  lake  is  sometimes  covered  with  ice,  even  when  the  water  be- 
low is  only  cooled  to  40°;  for  the  superficial  water  is  specifically  light- 
er than  the  warmer  water  beneath  it,  and  retains  its  place,  till  it  is 
changed  into  ice.  This  property  of  water  is  one  of  the  most  remark- 
able exceptions  to  the  law  of  expansion.  (153-) 

209.  From  the  fact  that  heat  applied  to  the  upper  surface  of  water, 
will  with  difficulty  make  its  way  downwards,  (207),  Rumford  was 
induced  to  deny  that  water  could  conduct  at  all. 

Let  an  air  thermometer  bo  cemented  into  a  glass  funnel  sup- 
ported as  represented  in  Fig.  48  ;  cover  the  bulb  of  the  instru- 
ment with  water,  and  upon  the  surface  of  the  water  pour  a 
small  quantity  of  ether.  The  ether  may  be  inflamed  and  the  air 
thermometer  will  not  be  sensibly  affected. 

210.  The  inference  that  water  is  a  complete  non- 
conductor of  caloric  has  been  contradicted  by  the  sub- 
sequent inquiries  of  Hope,  Thomson,  and  Murray. 
Though  they  all  admit  that  water  and  liquids  in 
general,  mercury  excepted,  possess  the  power  of  con- 
ducting caloric  in  a  very  slight  degree.  The  follow- 
ing experiment  made  by  Murray  has  been  deemed  con- 
clusive. 

If  we  carefully  pour  hot  oil  upon  water  in  a  tall  glass  jar,  with  delicate  ther-  „ 
raometer?  placed  at  different  distances  under  the  surface,  it  will  be  found  that  *P" 
the  heated  surface  indicate  increase  of  temperature. 


Fif-48. 


Exp. 


Fluids  im- 
perfect con- 
ductors. 


It  might  here  be  said  that  the  heat  was  conducted  by  the  sides  of 
the  jar,  and  so  communicated  to  the  water;  to  obviate  such  objection 
Murray  made  the  experiment  in  a  vessel  of  ice,  which  being  con- 
verted into  water  at  32°,  cannot  convey  any  degree  of  heat  above 
32°  downwards  ;  yet  the  thermometers  were  affected,  as  in  the  for- 
mer trial.* 

211.  It  is  extremely  difficult  to  estimate  the  conducting  power  of  Aeriform 
aeriform  fluids.    Their  particles  move  so  freely  on  each  other,  that  fluids, 
the  moment  a  particle  is  dilated  by  heat,  it  is  pressed  upwards  with 

great  velocity  by  the  descent  of  colder  and  heavier  particles,  so  that 
an  ascending  and  descending  current  is  instantly  established.  Be- 
sides, these  bodies  allow  a  passage  through  them  by  radiation. 

212.  There  is  yet  another  mode  by  which  heat  passes  from  one  Radiation, 
body  to  another  ;  and  as  it  takes  place  in  all  gases,  and  even  in 

vacuo,  it  is  inferred  that  the  presence  of  a  medium  is  not  necessary 
to  its  passage.  This  mode  of  distribution  is  called  Radiation  of 
Heat,  and  the  heat  so  distributed  is  called  Radiant,  or  Radiated  Heat. 
A  heated  body  suspended  in  the  air  cools,  or  is  reduced  to  an  equili- 
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Course  of 
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brium  with  surrounding  bodies,  in  three  ways;  first,  by  the  conduct- 
ing power  of  the  air,  the  influence  of  which  is  very  trifling ;  secondly, 
by  the  mobility  of  the  air,  in  contact  with  it ;  and  thirdly,  by  radiation. 

213.  Radiant  caloric  passes  from  a  hot  body  in  all  directions  in  right 
lines,  like  radii  drawn  from  the  centre  to  the  circumference  of  a  circle. 

When  these  rays  fall  upon  the  surface  of  a  solid  or  liquid  sub- 
stance, they  may  be  disposed  of  in  three  different  ways.  By  reflec- 
tion, by  absorption,  and  by  transmission. 

In  the  first  and  third  cases  the  temperature  of  the  body  on  which 


Radiation, 
in  vi 


b  - 


Influenced 


the  rays  fall  is  altogether  unaffected,  whereas  in  the  second  it  is  in- 
creased. 

214.  Radiation  in  the  air-pump  vacuum,  may  be 
shown  by  igniting  charcoal,  by  means  of  the  Voltaic 
battery,  placed  in  the  focus  of  a  small  mirror  con- 
fined in  the  exhausted  receiver  of  the  air-pump. 
Davy  found  that  the  receiver  being  exhausted  to  V±tj. 
the  effect  upon  the  thermometer  in  the  opposite  focus 
was  nearly  three  times  as  great  ns  when  the  air  was 
in  its  natural  state  of  condensation,  Fig.  49,  a  is  the 
receiver,  b  b  the  insulated  wires  connected  with  the 
voltaic  apparatus  igniting  the  charcoal  in  the  focus  of 
the  upper  mirror  c.  In  the  focus  of  the  lower  mirror 
d  is  the  thermometer  e. 

215.  The  radiation  of  heat  by  hot  bodies  is  singularly  i 

by  the  nature  and  condition  of  their  surfaces,  a  circumstance  which 

was  first  examined  by  Leslie.* 

He  made  use  of  a  canister  of  planished  block  tin,  forming  a  cube  of  an  or 
eight  inches,  having  an  orifice  nt  the  middle  of  it*  upper  side.  This  orifice  re- 
ceived a  cap  having  a  small  hole,  through  which  a  thermometer  was  inserted,  no 
that  its  bulb  reached  the  centre  of  the  canister.  One  side  of  the  canister  he 
Leslie's  ex-  covero<^  w'^'  black  paint ;  destroyed  the  polish  of  another  side,  by  scratching  it 
with  sand-paper;  tarnished  a  third  with  quicksilver ;  and  left  the  fourth  bright. 
The  vessel  was  filled  with  boiling  water.  The  radiation  of  caloric  from  the 
blackened  side  was  so  much  more  abundant  than  from  the  others,  as  to  be  even 
sensible  to  the  hand.  He  placed  it  before  a  reflector  (Fig.  51)  in  lieu  of  the  heat- 
ed iron  ball  described  (2»0.)  The  thermometer,  in  the  focus  of  the  second  re- 
flector, indicated  the  highest  temperature,  or  most  copious  radiation  of  calorie, 
when  the  blackened  side  was  presented  to  the  reflector  ;  less,  when  the  tarnish- 
ed or  scratched  side  was  turned  towards  it ;  and  least  of  all  from  the  polished 
side.t 

*  Ettay  on  Heat,  lti04. 

t  The  nnnexed  figure  represents  an  ingenious  and  much  better  a 
ing  the  different  absorbing  and  radiating  powers  of  different 
any  convenient  number  of  sides,  is  made  into  an  air  thermoa 
tube  in  it  through  a  conical  opening  which  can  be  made  air 
tight ;  the  sides  are  variously  coated.  This  is  made  to  fit 
loosely  into  a  prism  of  the  same  form,  but  wanting  one  side. 
To  show  the  different  absorbing  powers  of  the  different  sub- 
stances, the  vessels  are  placed  as  in  the  figure,  before  another, 
A,  containing  hot  water,  hot  sand  or  any  other  convenient 
source  of  heat.  If  the  side  of  the  air  thermometer  which  is 
the  worst  absorbent  of  heat  is  exposed  to  the  source  of  heat, 
the  air  within  is  expanded,  and  the  position  of  the  liquid  in 
the  tube  is  marked  by  the  index ;  A  better  absorbent  is  ex- 
posed, and  the  liquid  rises  higher  ;  a  worse  and  it  falls  below 
its  original  level.  The  outer  sheath  protects  the  sides  which 
are  not  intended  to  be  exposed,  from  the  radiation  of  the  ves- 
sel A  and  equalizes  the  radiation  from  the  surfaces  not  ex- 


ratus  for 
A 


Fig  50. 


To  show  the  radiating  powers  of  the  surfaces,  the  sheath  is  t 
side  is  exposed  to  the  air.  — Bache  in  Amer.  Jour,  xxviii-  326. 
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216.  It  follows  from  these  researches  that  velocity  of  radiation  de-  s«cu  m. 
pends  more  on  the  surface  than  the  substance  of  a  radiating  body :  Inference, 
that  the  most  imperfect  radiators  are  to  be  sought  among  those  bodies 
which  are  highly  smooth  and  bright,  such  as  polished  gold,  silver, 
tin,  and  brass;  but  that  these  same  metals  radiate  freely  when  their 
smoothness  and  polish  are  destroyed,  as  by  scratching  their  surfaces 
with  a  file,  or  covering  them  with  whiting  or  lampblack.  A  metal- 
lic surface  seems  adverse  to  radiation  independently  of  its  smooth- 
ness, since  a  highly  polished  piece  of  glass  radiates  far  better  than 
an  equally  polished  metallic  surface.  Scratching  a  surface  probably 
favours  radiation  by  multiplying  the  number  of  radiating  points. 

&17.  Some  interesting  experiments  by  Stark  of  Edinburgh  havesurk's 
appeared,*  illustrative  of  the  connexion  between  radiation  and  the  experi- 
colour  of  surfaces.    The  bulb  of  a  delicate  thermometer  was  sue- xaeata' 
cessively  surrounded  by  equal  weights  of  differently  coloured  wool,  * 
was  placed  in  a  glass  tube,  heated  by  immersion  in  hot  water  to 
180°,  and  then  cooled  to  50°  in  cold  water.    The  times  of  cooling 
were  21  minutes  with  black  wool,  26  with  red  wool,  and  27  with 
white  wool.    Concurring  results  were  obtained  with  flour  of  differ- 
ent colours.    Likewise,  black  wool  was  found  to  collect  more  dew 
than  an  equal  weight  of  while  wool,  other  circumstances  being  alike. 
This  is  the  first  time  that  direct  experiments,  seemingly  unexception- 
able, have  been  made  in  proof  of  the  influence  of  colour  over  radia- 
tion. 

218.  It  has  been  known  for  ages  that  the  heat  contained  in  the  Reflection 
solar  rays  admits  of  being  reflected  by  mirrors,  and  a  like  property  °^  c*'oric» 
has  long  since  been  recognized  in  the  rays  emitted  by  red-hot  bo- 
dies; bat  that  heat  emanates  in  invisible  rays,  which  are  subject  te 
the  same  law3  of  reflection  as  those  that  are  accompanied  by  light, 
is  a  modern  discovery,  noticed  indeed  by  Lambert,  but  first  decisive- 
ly established  by  Saussure  and  Pictel  of  Geneva.  (220) 

This  reflection  of  heat  may  be  shown  by  standing  at  the  side  of  a 
fire  in  such  a  position  that  the  heat  cannot  reach  the  face  directly, 
and  then  placing  a  plate  of  tinned  iron  opposite  the  grate,  and  at  such 
an  inclination  as  permits  the  observer  to  see  in  it  the  reflection  of 
the  fire:  as  soon  as  it  is  brought  to  this  inclination,  a  distinct  im- 
pression of  heat  will  be  perceived  upon  the  face.  If  a  line  be  drawn 
from  a  radiating  substance  to  the  point  of  a  plane  surface  by  which 
its  rays  are  reflected,  and  a  second  line  from  that  point  to  the  spot 
where  its  heating  power  is  exerted,  the  angles  which  these  lines  form 
with  a  line  perpendicular  to  the  reflecting  plane  are  called  the  angles 
of  incidence  and  reflection,  and  are  invariably  equal  to  each  other. 
It  follows  from  this  law,  that  when  a  heated  body  is  placed  in  the 
focus  of  a  concave  parabolic  reflector,  the  diverging  rays  which  strike 
upon  it  assume  a  parallel  direction  with  respect  to  each  other;  and 
that  when  these  parallel  rays  impinge  upon  a  second  concave  reflec- 
tor, standing  opposite  to  the  former,  they  are  made  to  converge,  so  as 
to  meet  together  in  its  focus.  Their  united  influence  is  thus  brought 
to  bear  upon  a  single  point. 


♦  Edin.  Phil.  Tram.  Put  II.  1833. 
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Chap.  I.  219.  Those  surfaces,  that  reflect  light  most  perfectly  are  not  equal- 
ly adupted  to  the  reflection  of  caloric.  Thus,  a  glass  mirror,  which 
reflects  light  with  great  effect  when  held  before  a  blazing  fire,  scarce- 
ly returns  any  heat,  and  the  mirror  itself  becomes  warm.  On  the 
contrary,  a  polished  plate  of  tin,  or  a  silver  spoon,  when  similarly 
placed  reflects,  to  the  hand,  a  very  sensible  degree  of  warmth  ;  and 
the  metal  itself  remains  cool.  Metals,  therefore,  are  much  bettei 
reflectors  of  caloric  than  glass  ;  and  they  possess  this  properly,  ex- 
actly according  to  their  degree  of  polish. 
Pictet's  ex-  220.  Caloric  is  reflected  according  to  the  same  law  that  regulates 
pertinents.  tne  reflection  of  light.  This  is  proved  by  an  interesting  experiment 
of  Pictet ;  the  means  of  repeating  which  may  be  attained  at  a  moder- 
ate expense. 

Provide  two  reflectors  of  planished  tin,  (a  and  6,  Fig .  51),  which  may  be  12 
inches  diameter,  and  pigments  of  a  sphere  of  nine  inches  radius.  Parabolic 
mirrors  are  still  better  adapted  to  the  purpose,  hut  their  construction  is  les*  easy 
Each  of  these  must  be  furnished,  on  its  convex  side,  with  the  means  of  support- 
ing it  in  a  perpendicular  position  on  a  proper  stand.  Place  the  mirrors  opposite 
to  each  other  on  a  table,  at  the  distance  of  from  G  to  12  feet.  Or  they  may  be 
placed  in  a  horizontal  position,  as  represented  in  the  fourth  plate  to  Dary  i 
Chemical  Philosophy,  an  arrangement  in  some  respects  more  convenient.  In 

Fig.  51. 


the  focus  of  one,  let  the  hall  of  an  air  thermometer,  or  (which  is  still  better)  one 
of  the  halls  of  a  differential  thermometer,  be  situated  ;  and  in  that  of  the  other, 
suspend  a  ball  of  iron,  ahout  four  ounces  in  weight,  and  heated  below  ignition, 
or  a  small  matrass  of  hot  water  ;  having  previonsly  interposed  a  screen^  U-ft*re 
the  thermometer.  Immediately  on  withdrawing  tl  le  screen,  Uie  depression  of 
the  column  of  liquid,  in  the  air  thermometer,  evinces  an  increase  of  t<  utpera- 
ture  in  the  instrument. 

In  this  experiment,  the  caloric  flows  first  from  the  healed  ball  to 
the  nearest  reflector  ;  from  this  it  is  transmitted,  in  parallel  rays,  to 
the  surface  of  the  second  reflector,  by  which  it  is  collected  into  a  fo- 
cus on  the  instrument.  This  is  precisely  the  course  that  is  followed 
by  radiant  light;  for  if  the  flame  of  a  taper  be  substituted  for  the 
iron  ball,  the  image  of  the  candle  will  appear  precisely  on  that  spot, 
(a  sheet  of  paper  being  presented  for  its  reception,)  where  the  rays 
of  caloric  were  before  concentrated. 

221.  When  a  glass  vessel,  filled  with  ice  or  snow,  is  substituted 
the  heated  ball,  the  course  of  the  coloured  liquid  in  the  ther- 
°°l<*-         mometer  will  be  precisely  in  the  opposite  direction  ;  for  its  ascent 
will  show,  that  the  air  in  the  ball  is  cooled  by  this  arrangement. 
This  experiment,  which  appears,  at  first  view,  to  indicate  the  re  flee- 


reflection  of  for 
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lion  of  cold,  presents,  in  fact,  only  the  reflection  of  heat  in  an  op.  g<*i  in. 
posite  direction ;  the  ball  of  the  thermometer  being,  in  this  instance, 
the  hotter  body. 

222.  From  what  has  been  said  concerning  the  communication  Practical 
and  radiation  of  heat,  and  of  the  circumstances  that  influence  theuse8- 
heating  and  cooling  of  bodies  in  these  different  ways,  many  useful 
practical  observations  may  be  drawn.   Water  continues  much  longer 

warm  in  a  resplendent  than  in  a  blackened  vessel.  Hence  metallic 
ones,  with  their  surfaces  polished,  are  employed  for  holding  warm 
water,  when  we  wish  it  to  retain  its  heat  for  some  time.  It  is  a 
common  remark,  that  tea  is  more  easily  infused  in  a  silver  than  in 
an  earthen  tea-pot,  which  was  at  one  time  supposed  to  be  owing  to 
some  property  of  the  metal  itself,  but  which  is  now  accounted  for  by 
the  laws  of  radiation,  the  bright  metallic  surface  giving  forth  fewer 
rays  than  the  other,  and,  of  course,  cooling  the  water  less  slowly. 
A  metal  is,  however,  a  good  conductor;  it  is  of  advantage  therefore, 
to  have  not  only  a  bad  radiator,  but  also  a  bad  conductor,  that  the 
heat  given  off  from  the  surface  by  radiation,  may  be  slowly  sup- 
plied from  the  interior.  Hence  the  frequent  use  of  earthen  ware 
covered  with  metallic  matter,  for  holding  warm  fluids,  as  for  jugs 
aad  tea-pots,  the  earthen  ware  being  a  bad  conductor,  and,  by  hav- 
ing its  surface  resplendent,  becoming  also  a  bad  radiator,  by  which 
little  heat  is  given  off. 

223.  When,  on  the  contrary,  we  wish  to  cool  a  fluid  quickly,  it  must 
be  put  into  a  vessel  which  is  a  good  conductor,  as  a  metallic  one,  and 
with  its  surface  blackened,  to  make  it  a  good  radiator.  In  conveying 
heated  air,  or  steam,  from  one  place  to  another,  with  the  view  of 
heating  apartments,  the  tube  ought  to  be  made  of  bright  metal,  as 
tinned  iron,  that  there  may  be  little  heat  lost  before  the  air  reaches 
the  place  to  be  warmed.  When,  on  the  contrary,  the  steam  is  to  be 
condensed,  the  tubes  ought  to  be  made  of  blackened  metal,  as  sheet 
iron,  so  that  a  great  deal  of  caloric  may  be  given  off,  both  by  radia- 
tion and  by  communication. 

224.  When  we  have  to  guard  a  body  from  heat,  we  cannot  employ 
a  better  protector  than  a  plate  of  bright  metal.  Thus,  in  erecting  a 
stove  near  woodwork,  the  latter  ought  to  have  a  sheet  of  tinned  iron 
placed  near  it,  but  not  in  contact  with  it,  by  which  the  greater  part  of 
the  rays  sent  off  from  the  stove  are  reflected.  Should  the  metal  it- 
self become  warm,  the  layer  of  air  between  it  and  the  wood,  being  a 
very  bad  conductor,  prevents  in  a  great  measure  the  transmission  of 
the  heat.  Should  stone  be  employed  as  the  protector,  it  should  be 
whitened,  so  that  it  may  absorb  as  few  of  the  rays  as  possible. 

225.  As  the  reflecting  power  is  materially  influenced  by  the  na- 
ture of  surfaces,  the  absorptive  power  must  be  so  likewise.  Those 
qualities  of  a  surface  which  increase  reflection  are  to  the  same  extent 
adverse  to  absorption ;  and  those  which  favour  absorption  are  pro- 
portionally injurious  to  reflection.*  Colour  has  considerable  influ-  influence  of 
eoce,  as  is  shown  by  the  following  very  simple  experiment  ofcoIoar« 
Franklin. 

On  a  winter's  day,  when  the  ground  it*  covered  with  snow,  take  four  pieces  of  Exp. 
woollen  cloth,  of  equal  dimensions,  but  of  different  colours,  viz.  black,  blue, 

♦  See  Ritchie's  experiment*,  Jour.  Roy.  Insi.  t.  305. 
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Chap,  t.    brown,  and  white,  and  lay  them  on  the  surface  of  the  snow,  in  the  it 

neighbourhood  of  each  other.  In  a  few  hours,  the  black  cloth  will  have  sunk 
considerably  below  the  surface  ;  the  blue  almost  as  much  ;  the  brown  evidently 
less ;  and  the  whito  will  remain  precisely  in  its  former  situation. 

Thus  it  appears  that  the  sun's  rays  are  absorbed  by  the  dark  co- 
loured cloth,  and  excite  such  a  durable  heat,  as  to  melt  the  snow  un* 
derneath ;   but  they  have  less  power  of  penetrating  the  white. 
Hence  the  preference,  generally  given  to  dark  coloured  clothes  du- 
ring the  winter  season,  and  to  light  coloured  ones  in  summer,  appears 
to  be  founded  on  reason. 
Researches    226.  The  dependence  of  the  absorptive  power  for  simple  heat  on 
0    tor  '    colour  has  not  till  lately  been  noticed.    From  researches  by  Stark,  it 
seems  that  differently  coloured  wools  wound  upon  the  bulb  of  a  ther- 
mometer, and  exposed  within  a  glass  tube  to  hot  water,  rose  from  50° 
to  170  in  the  following  times, — black  wool  in  4'  30",  dark  green  rn 
5\  scarlet  in  5'  30",  white  in  8'. 
Of  Nobili      227.  An  interesting  connexion  has  been  traced  by  Nobili  and  Mel- 
and  Mel-    loni  between  the  absorbing  and  conducting  power  of  surfaces ,•  and 
their  researches,  if  free  from  fallacy,  justify  the  inference  that  the 
radiating  and  absorbing  powers  of  surfaces  for  simple  heat  are  in  the 
inverse  order  of  their  conducting  powers,    t.  it, 

228.  Radiant  heat  passes  with  perfect  freedom  through  a  vacuum. 
The  air  and  gaseous  substances  present  but  a  feeble  barrier  to  its 
progress ;  so  feeble,  indeed,  that  the  degree  of  impediment  which 
they  occasion  has  not  yet  been  appreciated.  Transparent  media  of 
a  denser  kind,  on  the  contrary,  such  as  the  diamond,  rock-crystal, 
glass,  and  water,  even  in  thin  strata,  greatly  interfere  with  its  pas^ 
sage,  and  when  in  moderately  thick  masses  intercept  it  altogether. 
This  last  remark,  however  is  only  applicable  to  simple  heat,  that  is» 
to  heat  unassociated  with  light.  The  solar  rays  pass  readily  through 
the  substance  of  glass,  both  heat  and  light  being  refracted  in  their 
passage,  as  is  shown  by  the  operation  of  a  burning-glass  or  lens; 
and  though  much  of  the  heat  emitted  by  the  flame  of  a  lamp,  or  a 
red  hot  ball  of  iron,  is  arrested  by  glass,  many  calorific  rays  are  di- 
rectly transmitted  along  with  the  light.  But  the  result  is  different 
when  the  heated  body  is  not  luminous.  Leslie  denied  that  any  ra£s 
of  simple  heat  can  pass  by  direct  transmission  through  glas*,  and 
Brewster  has  supported  this  opinion  by  an  argnment  suggested  by  his 
optical  researches.!  Several  ingenious  experiments  have  been  made 
on  this  subject  by  Ritchie ;  and  it  has  lately  been  examined  by 
Nobili  and  Melloni  with  the  aid  of  their  thermo-multiplier.  All 
these  experimenters  concur  in  the  belief  of  direct  transmission.  The 
total  effect  from  this  cause  is,  however,  very  small ;  and  with 
screens  of  moderate  thickness  it  is  wholly  imperceptible. 
Ltedlp0,ar*  ^e  recent  experiments  of  ForbesT  have  established  the 

polarization  of  heat  under  all  the  circumstances  in  which  light  is 
polarized,  namely,  by  reflection,  transmission,  and  double  refraction. $ 
Theories  of  230.  The  tendency  which  all  bodies  evince  to  attain  an  equa- 
lity of  temperature  by  means  of  radiation,  has  given  rise  to  two  in- 
genious theories,  suggested  respectively  by  Pictet  and  Prevost. 

*  An.  de  Chim.  et  de  Phyt.  xlviii.  198.        t  Phil.  Trans.  1816,  p.  10«. 
:  Land,  and  Edin.  Phil.  Mag.  vi.  184.       §  Edin.  new  Philos.  Jour.,  No.  40. 
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According  to  the  former,  bodies  of  equal  temperature  do  not  radiate 
at  all ;  and  when  the  temperature  is  unequal,  the  hotter  give  calo- 
rific rays  to  the  colder  bodies  till  an  equilibrium  is  established,  at 
which  moment  the  radiation  ceases.  Prevost,  on  the  contrary,  con- 
ceived radiation  to  go  on  at  all  times,  and  from  all  substances,  whe- 
ther their  temperature  were  the  same  or  different  from  that  of 
surrounding  objects.*  Consistently  with  this  view,  the  temperature 
of  a  body  falls  whenever  it  radiates  more  heat  than  it  absorbs  ;  its 
temperature  is  stationary  when  the  quantities  emitted  and  received 
are  equal ;  and  it  grows  warm  when  the  absorption  exceeds  the  radi- 
ation. A  hot  body  surrounded  by  others  colder  than  itself,  affords 
an  instance  of  the  first  case  ;  the  second  happens  when  all  the  sub- 
stances within  the  sphere  of  each  other's  radiation  have  the  same 
temperature ;  and  the  third  occurs  when  a  body  is  introduced  into  a 
room  which  is  warmer  than  itself.  Of  these  theories  the  preference 
is  very  generally  accorded  to  the  latter.  Most  of  the  phenomena  of 
radiation,  indeed,  admit  of  a  satisfactory  explanation  by  both  ;  but,  on 
the  whole,  the  theory  of  Prevost  is  more  generally  applicable,  t.  12. 

231.  The  sources  of  heat  maybe  reduced  to  six.  1.  The  sun.  Sources  of 
2.  Combustion.    3.  Electricity.    4.  The  bodies  of  animals  during  beat. 

life.  5.  Chemical  action.  6.  Mechanical  action.  All  these  means 
of  procuring  a  supply  of  heat,  except  the  last,  will  be  more  conve- 
niently considered  in  other  parts  of  the  work.  The  mechanical  me- 
'hod  of  exciting  heat  is  by  friction  and  percussion. 

232.  Nothing  is  known  of  the  nature  or  cause  of  heat.    It  has  Namreof 
been  by  some  considered  as  a  peculiar  fluid,  to  which  the  termheat- 
Caloric  has  been  applied ;  and  many  phenomena  are  in  favour  of 

'.be  existence  of  such  a  fluid.  By  others,  the  phenomena  above  de- 
scribed have  been  referred  to  a  vibratory  motion  of  the  particles  of 
matter,  varying  in  velocity  with  the  perceived  intensity  of  the  heat. 
In  fluids  and  gases  the  particles  are  conceived  to  have  a  motion  round 
their  own  axes.  Temperature,  therefore,  would  increase  with  the 
velocity  of  the  vibrations  ;  and  increase  of  capacity  would  be  produced 
by  the  motion  being  performed  in  greater  space.  The  loss  of  tem- 
perature, during  the  change  of  solids  into  liquids  and  gases,  would 
depend  upon  loss  of  vibratory  motion,  in  consequence  of  the  acquired 
rotatory  motion. 

Upon  the  other  hypothesis,  temperature,  is  referred  to  the  quantity 
of  caloric  present ;  and  the  loss  of  temperature,  which  happens  when 
bodies  change  their  state,  depends  upon  the  chemical  combination  of 
the  caloric  with  the  solid  in  the  case  of  liquefaction,  and  with  the 
liquid  in  the  case  of  conversion  into  the  aeriform  state,  b. 

Section  IV.    Of  Light. 

233.  The  minute  investigation  of  the  laws  of  light  belongs  to 
Mechanical  Philosophy  ;  it  is  however  requisite  that  some  of  them 
should  partially  be  considered  as  bearing  upon  important  questions 
of  chemical  inquiry. 

The  phenomena  of  vision  are  produced  either  by  bodies  inherent-  Vision. 

•  Recherche*  rur  la  Chaleur. 
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ly  luminous,  such  as  the  sun,  the  fixed  stars,  and  incandescent  sub- 
stances; or  they  are  referable  to  the  reflection  of  light  from  the  sur- 
faces of  bodies. 

234.  The  manner  in  which  the  eye  is  affected  by  luminous  bodies 
shows  that  light  is  transmitted  in  right  lines,  and  every  right  line 
drawn  from  a  luminous  body  to  the  eye  is  termed  a  ray  of  light,  and 
as  a  congeries  of  rays  possesses  the  same  properties  as  the  single 
ray,  the  same  abstract  term  is  frequently  employed  to  designate  the 
congeries. 

235.  Newton  first  discovered  that  certain  bodies  exercise  on  light 
a  peculiar  attractive  force.  When  a  ray  passes  obliquely  from  air 
into  any  transparent  liquid  or  solid  surface,  it  undergoes  at  entrance 
an  angular  flexure,  which  has  been  called  refraction.  The  refrac- 
tion is  towards  the  perpendicular  when  the  ray  passes  into  a  denser 
medium,  and  from  the  perpendicular  when  it  passes  into  a  rarer  me- 
dium. The  medium  in  which  the  rays  of  light  are  caused  to  ap- 
proach nearest  to  the  line  perpendicular  to  its  surface,  is  said  to  have 
the  greatest  refractive  density. 

It  was  found  by  Newton,  that  unctuous,  or  inflammable  bodies  oc- 
casioned a  greater  deviation  in  the  luminous  rays  than  their  attrac- 
tive mass,  or  density  gave  reason  to  expect.  Hence  he  conjectured, 
that  both  diamond  and  water  contained  combustible  matter.  Ob- 
servation has  since  shown  that  oils  and  other  highly  inflamma- 
ble bodies,  such  as  hydrogen,  diamond,  phosphorus,  sulphur,  amber, 
olive  oil  and  camphor,  have  a  refractive  power  which  is  from  two  to 
seven  times  greater  than  that  of  incombustible  substances  of  equal 
density. 

236.  The  refractive  power  of  the  same  inflammable  substance  bears 
a  proportion  to  its  perfection,  insomuch  that  this  property  may  be  used 
as  a  test  of  its  purity.  Thus  Wollaston  found  that  genuine  oil  of 
cloves  has  a  refractive  power  of  1,535,  while  that  of  an  inferior 
quality  did  not  exceed  1,498. 

The  density  of  bodies  is  not  the  only  circumstance  that  affects 
their  refractive  power ;  it  also  depends  on  their  chemical  nature, 
and  from  the  refractive  power  of  bodies  we  may  in, many  cases  infer 
their  chemical  constitution. 

237.  The  refractive  power  of  compounds  is  not  the  mean  deduced 
from  that  of  their  components;  which,  however,  it  generally  is  in 
mere  mixtures. 

238.  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies,  a  part 
of  them,  and  sometimes  nearly  the  whole,  is  thrown  back,  or  reflec- 
ted,, and  the  more  obliquely  the  light  falls  upon  the  surface,  the 
greater  in  general  is  the  reflected  portion.  In  these  cases  the  angle 
of  reflection  is  always  equal  to  the  angle  of  incidence. 

Fig.  53. 
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Let  a  a  represent  pencil*  of  light  falling  upon  the 
surface  of  a  polished  piece  of  gin**  B,  the  perpendicu- 
lar pencil  will  pass  on  in  a  straight  line  to  a. 

Of  the  oblique  pencil,  one  portion  will  enter  the 
glass  and  suffer  refruction  towards  the  perpendicu- 
lar as  at  by  and  re-entering  the  atmosphere,  it  will  bend 
from  the  perpendicular,  and  re-assume  its  former  di- 
rection, as  nt  c  Another  portion  of  the  oblique  pencil 
will  be  reflected  at  an  angle  equal  to  that  of  its  inci- 
dence, as  at  e. 
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When  a  ray  of  light  passes  through  an  oblique  angular  crys-  Sect,  iv. 
body,  it  exhibits  peculiar  phenomena;  one  portion  is  refracted 
in  the  ordinary  way;  another  suffers  extraordinary  refraction,  in  a 
plane  parallel  to  the  diagonal  joining  the  two  obtuse  angles  of  the 
crystal;  so  that  objects  seen  through  the  crystal  appear  double. frmedaa? 
Transparent  rhomboids  of  carbonate  of  limei  or  Iceland  crystal,  ex* 
hibit  this  phenomenon  of  double  refraction  particularly  distinct. 

If  a  ray  of  light,  which  has  thus  suffered  double  refraction,  be  re-^J^. 
ceived  by* another  crystal,  placed  parallel  to  the  first,  there  will  beordinary 
no  new  division  of  the  rays;  but  if  it  be  placed  in  a  transverse  di- refraction, 
rection,  that  part  of  the  ray  which  before  suffered  ordinary  refrac- 
tion will  now  undergo  extraordinary  refraction,  and  reciprocally  that 
which  underwent  extraordinary  refraction  now  suffers  ordinary  re- 
fraction. 

If  the  second  crystal  be  turned  gradually  round  in  the  same  plane,  Refracting 
when  it  has  made  a  quarter  of  a  revolution,  there  will  be  four  di-P°werde 
usions  of  the  ray,  and  they  will  be  reduced  to  two  in  the  half  of  the  ^Jenuip- 
revolution  ;  so  that  the  refracting  power  appears  to  depend  upon  on  some 
some  relation  of  the  position  of  the  crystalline  particles.  ESSSSaa 

240.  When  light  is  reflected  from  bodies,  it  retains,  under  many  jJrticlcs. 
circumstances,  its  former  relations  to  the  refractive  power  of  trans- 
parent media  ;  but,  in  certain  cases,  at  angles  differing  for  different 
substances,  the  reflected  rays  exhibit  peculiar  properties,  analogous 

to  those  which  have  suffered  extraordinary  refraction.  Thus,  if  the 
flame  of  a  taper  reflected  at  an  angle  of  52°  45'  from  the  surface  of 
water,  be  viewed  through  a  piece  of  double  refracting  spar,  one  of 
the  images  will  vanish  every  time  that  the  crystal  makes  a  quarter 
of  a  revolution. 

241.  When  a  ray  of  light  is  mnde  to  fall  upon  a  polished  J?^ssAo  )eof 
surface,  at  an  angle  of  incidence  of  35°  25',  the  angle  of  reflei-tion  incidence 
will  be  equal  to  that  of  incidence     Let  us  suppose  another  plate  of«t"««  J"  the 
glass  so  placed  that  the  reflected  ray  will  fall  upon  it  at  the  same  n' 
ansle  of  35°  25';  this  second  plate  may  be  turned  round  its  axis 

without  varying  the  angle  wliich  it  makes  with  the  ray  that  falls 
upon  it.     A  curious  circumstance   is  observed  as   this  second  Curion*  in- 
glass  is  turned  round.    Suppose  the  two  planes  of  reflection  to  be  f^p"^^,. 
parallel  to  each  other,  in  that  case  the  ray  of  light  is  reflected  from  minion 
the  second  glass  in  the  same  manner  as  from  the  first.    Let  the  sec-  Jjfce- 
ond  glass  be  now  turned  round  a  quadrant  of  a  circle,  so  as  to  make  jj^0 
the  reflecting  planes  perpendicular  to  each  other  :  now,  the  whole  of 
the  ray  will  pass  through  the  second  glass,  and  none  of  it  will  be 
reflected.    Turn  the  second  glass  round  another  quadrant  of  a  cir- 
cle, so  as  to  make  the  reflecting  planes  again  parallel,  and  the  ray 
will  again  be  reflected.    When  the  second  glass  is  turned  round, 
three  quadrants,  the  light  will  be  again  transmitted,  and  none  of  it 
reflected.    Thus,  when  the  reflecting  planes  are  parallel,  the  light  is 
reflected,  but  when  they  are  perpendicular  the  light  is  transmitted. 
This  experiment  proves,  that,  under  certain  circumstances,  light  ran 
penetrate  through  glass  when  in  one  position,  but  not  in  another.  {^J,"""" 
Thia  curious  fact  was  first  observed  by  Malus,  who  accounted  for  it 
by  supposing  the  particles  of  light  to  have  assumed  a  particular  po- 
ll'ion  as  a  needle  does  when  under  the  influence  of  a  magnet,  and 
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hence  he  called  this  property  of  light,  its  Polarization.*  It  has 
since  been  studied  with  laborious  diligence  by  Brewster,  and  by 
Arago  and  Biot.t 

242.  That  a  sunbeam,  in  passing  through  a  dense  medium,  and 
especially  through  a  triangular  prism  of  glass,  gives  rise  to  a  series 
of  brilliant  tints  similar  to  those  of  the  rainbow,  was  known  in  the 
earliest  ages,  but  it  required  the  sagacity  of  Newton  to  develop  the 
cause  of  the  phenomenon.  He  inferred,  that  light  consists  of  rays 
differing  from  each  other  in  their  relative  refrangibilities  ;  and.  gui- 
ded by  their  colour  considered  their  number  as  seven  :  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet. t  If  the  prismatic  colours,  or 
spectrum,  be  divided  into  360  equal  parts,  the  red  rays  will  occupy 
45  of  these  parts,  the  orange  27,  the  yellow  48,  the  green  60»  the 
blue  60,  the  indigo  40,  and  the  violet  80.  Of  these  rays  the  red 
being  least  refrangible,  fall  nearest  that  spot  which  they  would  have 
passed  to,  had  they  not  been  refracted  ;  while  the  violet  rays  being 
most  refrangible,  are  thrown  to  the  greatest  distance  ;  the  interme- 
diate rays,  posfess  mean  degrees  of  refrangibility. 

243.  These  differently  coloured  rays,  when  collected  into  a  focus 
reproduce  white  light.  Upon  these  phenomena  is  founded  the  New- 
tonian theory  of  colours,  which  supposes  them  to  depend  upon  the 
absorption  of  all  rays,  excepting  those  of  the  colour  observed. 

244.  If  a  solar  beam  be  refracted  by  a  prism,  and  the  coloured 
image  received  upon  a  sheet  of  paper  it  will  be  found,  on  moving 
the  hand  gently  through  it,  that  there  is  an  evident  difference  in  the 
heating  power  of  the  rays.  Englefield,  Davy  and  others,  affirmed 
with  Herschel,  that  the  heat  is  greatest  beyond  the  red  ray  ;  while 
others  contend  that  it  is  in  the  red  rny  itself.  The  observations  of 
Seebeck$  have  explained  these  contradictory  statements,  by  showing 
that  the  point  of  greatest  heat  varies  with  the  kind  of  prism  employ- 
ed. These  results  have  been  confirmed  by  Melloni,  who  has  suc- 
ceeded with  a  prism  of  rock  salt  in  separating  the  spot  of  maximum 
heat  from  the  coloured  part  of  the  spectrum  by  a  much  greater  in- 
terval than  had  been  done  previously.  The  facts  that  have  been 
arrived  at,  go  far  to  prove  that  most,  if  not  nil,  of  the  heating  pow- 
er ascribed  to  light,  is  due,  not  to  the  absorption  of  luminous  rays, 
but  to  that  of  the  heat  by  which  they  are  accompanied. 

245.  Light  possesses  considerable  influence-over  the  chemical  en- 
ergies of  bodies.  If  a  mixture  of  equal  volumes  of  the  gases  called 
chlorine  and  hydrogen  be  exposed  in  n  dark  room,  they  slowly  com- 
bine, and  produce  hydrochloric  acid  gas  ;  but,  if  exposed  to  the  di- 
rect rays  of  the  sun,  the  combination  is  very  rapid,  and  often  accom- 
panied by  an  explosion. 


*  See  Fischer's  Element*  of  Natural  Philosophy,  page  336.  Thomson's  System 
1.  p.  16. 

t  Phil.  Traru.  1813,  1814,  1815,  1816,  1817.—  Ann.  dc  Chim.  torn.  94.  Trail*  de 
Phy$. 

*  Wollaston  found,  however,  that  when  a  heamof  light  only  ^rjth  of  an  inch  broad 
is  received  hy  the  eye,  at  the  distance  of  ten  feet,  through  a  clear  prism  of  flint  glass, 
only  four  colours  are  seen,  viz.  red.  yellowish  green,  blue,  and  violet.  Brewster  haa 
proved  that  the  colours  of  the  spectrum  are  occasioned  by  tbrej  simple  primary  rays 
viz.  the  red,  yellow  and  blue. 

*  Edin.  Jour,  of  Set.  I,  368. 
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Chlorine  and  carbonic  oxide  have  scarcely  any  tendency  to  com-  Sectiv. 
bine,  even  at  high  temperatures,  when  light  is  excluded,  but  exposed 
to  the  solar  rays  they  enter  into  chemical  union.  Chlorine  has  lit- 
tle action  upon  water,  unless  exposed  to  light ,  and,  in  that  case,  the 
water,  which  consists  of  oxygen  and  hydrogen,  is  decomposed.  The 
hydrogen  unites  with  the  chlorine  to  produce  hydrochloric  acid,  and 
the  oxygen  is  evolved  in  a  gaseous  form. 

246.  These,  and  numerous  other  similar  cases,  show  that  solar  Produces 
light  influences  the  chemical  energies  of  bodies,  independent  of  its  ^h-emical 
heating  powers.  Many  important  facts  have  been  ascertained  by  Ritter,  0?  , 
Wollaston,  and  Davy.    Scheele*  threw  the  prismatic  spectrum  upon 

a  sheet  of  paper,  moistened  with  a  solution  of  nitrate  of  silver,  a  salt 
quickly  decomposed  by  the  agency  of  light.  In  the  blue  and  violet 
rays  the  silver  was  soon  reduced,  producing  a  blackness  upon  the 
paper,  but  in  the  red  ray  scarcely  any  similar  effect  was  observed. 
Wollaston  and  Ritter  discovered  that  these  chemical  changes  were 
most  rapidly  effected  in  the  space  which  bounds  the  violet  ray,  and 
which  is  out  of  the  visible  spectrum. 

Davy  has  observed,  that  certain  metallic  oxides,  when  exposed  to 
the  violet  extremity  of  the  prismatic  spectrum,  undergo  a  change 
similar  to  that  which  would  have  been  produced  by  exposure  to  a 
current  of  hydrogen  ;  and  that  when  exposed  to  the  red  rays,  they 
acquire  a  tendency  to  absorb  oxygen. t 

247.  The  more  refrangible  rays  of  light  have  been  thought  to  Magnet- 
possess  the  property  of  rendering  steel  or  iron  magnetic.    This  pro-  iz*n*  f*J*« 
perly  was  announced  by  Morrichini  of  Rome;  but  as  the  experiment 

did  not  succeed  in  other  hands,  the  subject  was  involved  in  some  de- 
gree of  uncertainty.  The  fact,  however,  appeared  to  be  established 
by  Mrs  Somerville  of  London,  in  1826,  who  gave  an  account  of  her 
researches  to  the  Royal  Society.  Since  that  period  the  subject  has 
been  re-exarnined  by  Riess  and  Moser.  They  object  to  Mrs  Somer- 
ville's  results,  that  her  method  of  ascertaining  the  magnetic  stole  of 
the  needles  used  in  the  experiments,  was  not  sufficiently  precise  : 
they  deny  the  supposed  magnetizing  power  of  light.! 

243.  The  comparative  intensities  of  light  are  measured  by  the  in-  photome- 
strument  called  a  Photometer :  that  which  is  known  as  Leslie's  is  ««*• 
constructed  on  the  principle  that  light,  in  proportion  to  its  absorption, 
produces  heat.  It  is  merely  a  very  delicate  and  small  differential 
thermometer,  enclosed  in  a  thin  and  pellucid  glass  tube.  One  of  the 
bulbs  is  of  black  glass,  which,  when  the  instrument  is  suddenly  ex- 
posed to  light,  becoming  warmer  than  the  clear  bulb,  indicates  the 
effect  by  the  depression  of  the  fluid. $  From  the  experiments  of 
Turner  "and  Christison  this  instrument  does  not  appear  applicable  to 
lights  which  differ  in  colour,  because  the  relation  between  the  heat- 
ing and  illuminating  power  of  such  light  is  exceedingly  variable. 
Thus,  the  light  emitted  by  burning  cinders  or  red-hot  iron,  even  after 
parsing  through  glass,  contains  a  quantity  of  calorific  rays,  which  is 
out  of  all  proportion  to  the  luminous  ones  ;  and,  consequently,  they 
may  and  do  produce  a  greater  effect  on  the  photometer,  than  some 


•  Erpcrimenti  on  Air  and  Fire,  p.  78,  &c  t  Element*  of  Chan.  Phil. 

I  Edin.  Jour,  of  Sci.  2,  223.  S  Leslie  on  Heat,  p.  424. 
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Chap.  l_  lights  whose  illuminating  powers  are  far  stronger.    Leslie  conceived 
that  light  when  absorbed  is  converted  into  heat;  but  according  to 
the  experiments  already  referred  to,  the  effect  roust  be  attributed,  not 
so  much  to  the  light  itself,  as  to  the  absorption  of  the  calorific  rays 
by  which  it  is  accompanied.    A  differential  thermometer,  containing 
the  vapour  of  ether,  may  also,  in  certain  experiments  be  advanta- 
geously used  as  a  Photometric  Thermometer.* 
Perfect         249.  In  nature  the  influence  of  the  solar  rays  is  very  complex,  and 
JJJJj*^00  lne  growth,  colour,  flavour,  and  even  the  forms  of  many  vegetables, 
tbTS-    are  much  dependent  upon  them.    This  is  seen  in  many  plants  which 
eaceof     are  protected  from  the  sun's  rays  :  celery  and  endive  are  thus  culti- 
solarrays.  vate(j  withthe  view  of  rendering  them  palatable  ;t  and  plants  which 
are  made  to  grow  in  a  room  imperfectly  illuminated,  always  bend 
towards  the  apertures  by  which  the  sun's  rays  enter.    The  changes 
loo  which  vegetables  effect  upon  the  circumambient  atmosphere  are 
influenced  by  the  same  cause. 

250.  In  the  animal  creation,  brilliancy  of  colour  and  gaudy  plu- 
mage belong  to  the  tropical  climates ;  more  sornbrous  tints  distin- 
guish the  polar  inhabitants  ;  and  dull  colours  characterize  nocturnal 
animals,  and  those  who  chiefly  abide  below  the  surface. 

251.  When  bodies  are  rendered  luminous  by  elevation  of  tem- 
perature, the  light  which  they  emit  often  appears  dependent  upon  the 
heat  to  which  they  are  subjected,  and  the  common  terms  red-hot  and 
vshite-hot  are  used  to  designate  those  appearances.  There  are,  how- 
ever, certain  bodies,  which,  at  high  temperatures,  are  remarkable 
for  the  quantity  and  extreme  brilliancy  of  their  light,  independent  of 
actual  combustion  ;  this  is  the  case  with  several  of  the  earths,  but 

Drum       mo*e  especially  with  lime,  a  small  ball  of  which,  \  inch  in  diameter, 
mond's      being  ignited  in  the  flame  of  alcohol  urged  by  oxygen  gas,  emits 
light.        light,  having  about  thirtyseven  times  the  intensity  of  an  Argand's 
lamp  burner.^ 

252.  There  are  many  substances  which,  when  heated  to  a  certain 
point,  ^come  luminous  without  undergoing  combustion,  and  such 
bodies  are  said  to  be  phosphorescent.  The  temperatures  which  they  re- 
quire for  this  purpose  are  various  ;  it  generally  commences  at  about 
400°,  and  may  be  said  to  terminate  at  the  lowest  visible  redness.  Some 
varieties  of  phosphate  of  lime,  of  fluor  spar,  of  bituminous  carbonate 
of  lime,  of  marble,  and  sand,  and  certain  salts,  are  the  most  remarka- 
ble bodies  of  this  description. $  Their  luminous  property  may  be 
best  exhibited  by  scattering  them  in  coarse  powder  upon  an  iron 
plate  heated  nearly  to  redness.  Oil,  wax,  spermaceti,  and  butter, 
when  nearly  boiling,  are  also  luminous. 

Solar  phot-  Anotner  class  of  phosphorescent  bodies  has  been  termed 

phori.  °S*  

*  Brande,  Phil.  Trans.  1820.    A  photometer  has  been  described  by  Ritchie,  in  the 

Quart.  Jour.  vol.  19,  p.  299.    For  a  description  of  Rum  ford 'a  Photometer,  see  Phil. 

Trans,  vol.  84.    It  determines  the  comparative  strength  of  lights  by  a  comparison  of 

their  shadows. 

t  The  process  is  termed  etiolation,  or  blanching. 

t  Drummond,  in  Phil.  Trans.  1826.   See  figure  and  description  of  his  apparatus 
in  Brewster's  Edin.  Jour.  o/Sci.  v. 

i  Wedgewood,  Phil.  Trans,  vol.  82. 
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solar  phosphori,  from  becoming  luminous  when  removed  into  a  dark  lv* 
room  after  having  been  exposed  to  the  sunshine.*    Of  this  descrip- 
tion are  Canton's,  Baldwin's,  and  the  Bolognian  phosphorus.t 

254.  A  third  set  of  bodies,  belonging  to  this  class,  are  those  which  Spontane- 
are  spontaneously  phosphorescent.    Such  are,  especially,  the  flesh  of  ou»  Pho«- 
salt-water  fish  just  before  it  putrefies,  and  decayed  wood.    The  J,1^** 
ghno-worm  and  the  lantern-fly  are  also  luminous  when  alive  ;  and 

the  hundred  legged  worm,  and  some  others,  shine  brilliantly  when 
irritated. J    (See  Bost.  Jour.  2,  101.) 

255.  Percussion  and  friction  are  often  attended  by  the  evolution  of  Light  from 
light,  as  when  flint  pebbles,  pieces  of  sugar,  and  other  substances,  are  percussion 
struck  or  rubbed  together.  The  crystallization  of  some  substances, or  frlcl,on- 
as  benzoic  acid,  and  acetate  of  potassa  has  been  found  to  be  attended 

with  similar  phenomena. $ 

256.  From  experiments  in  which  air  has  been  intensely  heated,  it  Air  in- 
has  been  concluded  that  gaseous  matter  is  incapable  of  becoming  lu- j-apabl*  °f 
roinous ;  for,  though  the  temperature  of  air  be  such  as  to  render  jSffSj? 
solid  bodies  white-hot,  it  does  not  itself  become  visible.ll  Flame, 
however,  may,  in  general,  be  regarded  as  luminous  gaseous  matter. 
Hydrogen  gas,  probably,  furnishes  the  purest  form  of  flame  which 

can  be  exhibited ;  for  the  flames  of  bodies  which  emit  much  light, 
derive  that  power  from  solid  matter  which  is  intensely  ignited  and 
diffused  through  them,  and  which,  in  ordinary  flames,  as  of  gas, 
tallow,  wax,  oil,  &c.  consists  of  finely  divided  charcoal. 

257.  The  intensity  of  the  heat  of  flames  which  are  but  little  lutni-  jj,ht  and 
nous,  as  of  hydrogen  gas,  spirit  of  wine,  &c.  may  be  shown  by  tempera- 
iotroducing  into  them  some  fine  platinum  wire,  which  is  instantly  J,"™  °f 
rendered  white-hot  in  those  pans  where  the  combustion  is  most  per- 
fect.   It  is  even  intensely  ignited  in  the  current  of  air  above  the 


*  For  practical  directions  for  observing  the  phosphorescence  of  bodies,  see  Faraday's 
Chemical  Manipulation. 

t  Canton's  phosphorus  is  prepared  thus  : — Calcine  oyster-shells  in  the  open  fire  for 
half  an  hour,  then  select  the  whitest  and  largest  pieces  and  mix  them  with  one  third  p*^"'*00™* 
their  weight  of  flowers  of  sulphur,  pack  the  mixture  closely  into  a  covered  crucible, 
and  heat  it  to  redness  for  an  hour.  When  the  whole  has  cooled,  select  the  whitest  pieces 
for  use.* 

Baldwin's  phosphorus  is  prepared  by  heating  nitrate  of  lime  to  a  dull  red  heat,  so  as 
to  form  it  into  a  compact  mass :  and  the  Bolognian  phosphorus,  discovered  by  Vincen-  u,*  * 
zio  Cascanolo,  a  shoemaker  of  Bologna,  is  made  by  reducing  compact  sulphate  of  ba- 
ryta to  a  fine  powder,  which  is  formed  into  cakes  with  mucilage,  and  these  are 
heated  to  redness. t 

Wilson  has  also  made  a  variety  of  curious  experiments  on  solar  phosphori ;  and  he 
has  discovered  the  simplest  and  most  effectual  of  these  bodies,  which  may  he  obtained  wj]""I^c* 
by  closely  observing  the  following  directions; — Take  the  most  flaming  coals  off  a  brisk 
fire,  and  throw  in  some  thick  oyster  shells  ;  then  replace  the  coals,  and  calcine  them 
for  an  hour  ;  remove  them  carefully,  and,  when  cold,  it  will  be  found  that  after  expos- 
ing them  for  a  few  minutes  to  the  light,  they  will  glow  in  the  dark,  with  most  of  the 
prismatic  colours. t 

t  It  appears  from  the  experiments  of  Canton  and  of  Hulme.5  that  sra-fish  become 
lominous  in  about  twelve  hours  after  death,  that  it  increases  till  putrefaction  is  evident, 
and  then  it  decreases.  Immersion  in  sea- water  does  not  affect  this  luminous  matter ; 
on  the  contrary,  the  brine  is  itself  rendered  luminous  ;  but  it  is  extinguished  by  pure 
"  by  a  variety  of  substances  which  act  chemically  upon  the  animal  matter. 


S  Brewster's  Journal,  3,  3«8.  ||  Wedgewood,  Phil.  Trans.  U  92. 

•  ffML  7V*u.  Vol.  S3.      f  Aikin'8  Did.  art.  P%»m.     J  Wilson  on  P***Am,  p.  I 

$  PkU.  7Va«.  Vols.  tlx.  xc.  and  xcL 
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Chap.  I.  flame,  as  may  be  shown  by  holding  a  piece  of  platinum  wire  over 
the  chimney  of  an  Argand  lamp  fed  with  spirit  of  wine;  the  high 
temperature  of  this  current  is  also  exhibited  by  the  common  expedi- 
ent of  lighting  paper  by  holding  it  in  the  healed  air  which  rushes 
out  of  a  common  lamp-glass. 

The  high  temperature  of  flame  is  further  proved  by  certain  cases 
of  combustion  without  flame.  Thus,  if  a  heated  wire  of  platinum  be 
introduced  into  any  inflammable  or  explosive  mixture,  Fig.  53. 
it  will  become  ignited,  and  continue  so  till  the  gas  is 
consumed ;  but  inflammation  will,  in  most  cases,  only 
take  place  when  the  wire  becomes  while-hot. 

Exp-  Thin  experiment   is  easily  made  by  pouring  a  small  quantity 

of  ether  into  the  bottom  of  a  deep  wine-glass,  or,  what  is  better, 
a  glass  vessel,  like  that  represented  in  Fig.  53,  and  suspending  in 
it  a  coil  of  heated  platinum  wire  so  as  to  be  a  little  above  the 
surface  of  the  ether ;  the  wire  becomes  red  hot,  but  does  not 
inflame  the  vapour  of  the  ether  till  it  acquires  an  intense  white 
heat. 

Fig.  54. 

Exp,  The  same  fact  is  exhibited  by  putting  a  small  coil  of  fine  platinum 

wire  round  the  wick  of  a  spirit  lamp,  (Fig.  54,)  which,  when 
heated,  becomes  red  hot,  and  continues  so,  as  long  as  the  vapour 
of  the  spirit  is  supplied,  the  heat  never  becoming  sufficiently  in- 
tense to  produce  its  inflammation. 

253.  Such  being  ihe  nature  of  flame,  it  is  obvi- 
ous, that  if  we  cool  it  by  any  means,  we  must  at  the 
same  time  extinguish  it.  This  may  be  effected  by  causing  it  to  pass 
through  fine  wire  gauze,  which  is  an  excellent  conductor  and  radia- 
tor of  heat,  and  consequently  possessed  of  great  cooling  power. 

p  If  a  piece  of  fine  brass  or  iron  wire-gauze  be  brought  down  upon  the  flame  of  a 

xp'  candle,  or  what  answers  better,  upon  an  inflamed  jet  of  oil  gas,  it  will,  as  it 

were,  cut  the  flame  in  half.  That  the  cool  gaseous  matter  passes  through,  may 
be  shown  by  again  lighting  it  upon  the  upper  surface. 

Effect  of  The  power,  therefore,  of  a  metallic  tissue  thus  to  extinguish 
wire  gauze  flame,  will  depend  upon  the  heat  required  to  produce  the  combustion, 
as  compared  with  that  acquired  by  the  tissue  ;  and  the  flame  of  the 
most  inflammable  substances,  and  of  those  that  produce  most  heat  in 
combustion,  will  pass  through  a  metallic  tissue  that  will  interrupt  the 
flame  of  less  inflammable  substances,  or  those  that  produce  little  heat 
in  combustion  ;  so  that  different  flames  will  pass  through  at  different 
degrees  of  temperature. 
Daw's  &59<  The  discovery  of  these  facts,  respecting  the  nature  and  prop- 
Mcty  erties  of  flame,  led  Davy  to  apply  them  to  the  construction  of  the 
lump'.       Miners'  safety  lamp,  which  will  be  explained  under  the  article  Light 

Carburetted  hydrogen  gas. 
Theory  of  260.  The  phenomena  exhibited  by  phosphorescent  and  incandes- 
pho*pho-  cent  bodies,  and  in  the  process  of  combustion,  have  sometimes  been 
anTmcan  exp'a'ne^  uP°n  the  idea  that  the  light  and  heat  evolved  were  pre- 
viously in  combination  with  the  substances,  and  that  they  are  after- 
wards merely  emitted,  in  consequence  of  decomposition ;  and  that 
the  solar  phosphori  absorb  light  and  again  give  it  out  unchanged  ; 
but  the  fact,  that  the  colour  of  the  light  emitted  is  more  dependent 
on  the  nature  of  the  phosphorescent  body  than  on  the  colour  of  the 
light  to  which  it  was  exposed,  seems  inconsistent  with  this  explana- 
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lion.    Chemical  action  is  not  connected  with  the  phenomena;  for    Sect. v. 
the  phosphori  shine  in  vacuo,  and  in  gases  which  do  not  act  on  them, 
and  some  even  under  water.* 


Section  V.  Electricity. 

261.  The  term  electricity  is  derived  from  the  Greek  word 4lextoovt  Electrical 
amber,  on  account  of  the  properly  which  this  substance  was  known  excitement, 
to  possess  of  attraciing  light  substances  when  rubbed.    If  a  piece  of 
sealing-wax  and  of  dry  warm  flannel  be  rubbed  against  each  other, 

they  both  become  capable  of  attracting  and  repelling  light  bodies. 
A  dry  and  warm  sheet  of  paper,  rubbed  with  India  rubber,  or  wool- 
len, or  a  tube  of  glass  rubbed  upon  silk,  exhibit  the  same  phenomena. 
In  these  cases  the  bodies  are  said  to  be  electrically  excited;  and 
when  in  a  dark  room,  they  appear  luminous. 

262.  If  two  pith-balls  be  electrified  by  touching  them  with  the  Repulsion 
sealing-wax  or  with  the  flannel,  they  repel  each  other;  but  if  one allrac- 
pith-ball  be  electrified  by  the  wax,  and  the  other  by  the  flannel,  thry  ,on* 
attract  each  other.    The  same  applies  to  the  glass  and  silk. 

If  one  ball  be  electrified  by  sealing-wax  rubbed  by  flannel,  and 
another  by  silk  rubbed  with  glass,  those  balls  will  repel  each  other. 
But  if  one  ball  be  electrified  by  the  sealing-wax  and  the  other  by  the 
glass,  they  then  attract  each  other.t 

263.  The  terms  vitreous  and  resinous  electricity  were  applied  to  Dufay's 
these  two  phenomena.    According  to  Dufay  the  vitreous  and  resi-  theory, 
nous  electricities  are  distinct;  an  unexcited  body  contains  both  in  a 

state  of  combination  or  neutralization,  and  cannot,  therefore,  exhibit 
any  electrical  attractions  or  repulsions.  But  friction  disturbs  this 
combination,  or  electric  equilibrium,  causing  the  vitreous  electricity 
to  accumulate  in  one  body  and  the  resinous  in  the  other.  They  are 
both  consequently  in  an  excited  state,  and  continue  to  be  so  till  each 
recovers  that  kind  of  electricity  which  it  had  lost. 

A  different  explanation  was  proposed  by  Franklin,  which  is  found- Franklin's 
ed  on  the  supposition  that  there  is  only  one  kind  of  electricily.  lteo,7' 
When  bodies  contain  their  natural  quantity  of  electricity,  they  do 
not  manifest  any  electrical  phenomena  ;  but  they  are  excited  eiiher 
by  an  increase  or  diminution  in  that  quantity,  'thus  on  rubbing  a 
piece  of  glass  with  a  woollen  cloth,  the  electrical  condition  of  both 
substances  is  disturbed;  the  former  acquires  more,  the  other  less 
than  its  natural  quantity.  These  different  states  were  expressed  by 
the  terms  plus  and  minus,  or  positice  and  nfgative,  the  first  corres- 
ponding to  the  vitreous,  the  second  to  the  resinous  electricity  of 
Dufay.t 

♦SeeDary's  Elements  1,213,  &c.— Murray's  System  1,  670— Urc's  Diet,  article 
Caloric—  Hare  in  Amer.  Jour.  iv.  12,  &c.— Turner's  Element*,  69. 

1  These  experiments  are  conveniently  performed  with  a  large  downy  feather  sus- 
pended by  a  dry  thread  of  white  silk. 

I  As  writers  on  chemistry  continue  to  use  the  terms  positive  and  negative,  they  are 
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i      264.  Very  delicate  pith-balls,  or  strips  of  gold  leaf,  are  Fig  5& 

"usually  employed  in  ascertaining  the  presence  of  electricity;  1  \  \' 

and,  by  the  way  in  which  their  divergence  is  affected  by  glass  *Ty? 


A 


or  sealing-wax,  the  kind  or  state  of  electricity  is  judged  of. 
When  properly  suspended  or  mounted  for  delicate  experi- 
ments, they  form  an  electrometer  or  electroscope.    (Fig.  65.) 
For  this  purpose  the  slips  of  gold  leaf  are  suspended  by  a 
brass  cap  and  wire  in  a  glass  cylinder ;  they  hang  in  contact 
when  •n-electrified;  but  when  electrified  they  diverge.* 
Method  of     ^65.  The  kind  of  electricity  by  which  the  gold  leaves  are  diverged 
determin-   may  be  judged  of  by  approaching  the  cap  of  the  instrument  with  a 
ingthe      stick  of  excited  sealing-wax  ;  if  it  be  negative  the  divergence  will 

kind  of       .  .c       ...      X    .  n      n  .l        •     •  i  r 

electricity,  increase;  if  positive,  the  leaves  will  collapse,  upon  the  principle  oi 
the  mutual  annihilation  of  the  opposite  electricities,  or  that  bodies 
similarly  electrified  repel  each  other,  but  that  when  dissimilarly 
electrified  they  become  mutually  attractive. 
Conductors    ^66.  Some  bodies  suffer  electricity  to  pass  readily  along  their  sur- 
and  non-    faces,  and  are  called  conductors.    Others  only  receive  it  upon  the 
conductors.  Sp0t  touched,  and  are  called  imperfect  or  Tton-conductors.    They  are 
also  railed  insulators^    The  metals  are  all  conductors  ;t  dry  air, 
Elect    t    &'ass'  sulphur,  and  resins,  are  non  conductors.    Water,  damp  wood, 
pawes'01  y  spirit  of  wine,  damp  air,  and  some  oils  are  imperfect  conductors, 
through        Rarefied  air  admits  of  the  passage  of  electricity  ;  so  does  the 
STScl.  Torricellian  vacuum. 

um.  267.  There  appears  to  be  no  constant  relation  between  the  state 

No  con-     of  bodies  and  their  conducting  powers;  among  solids,  metals  are 
tionbe6'*"  cona,uctors,  but  gums  and  resins  are  non-conductors;  among  liquids, 
tweeo  the   strong  alkaline,  acid,  and  saline  solutions,  are  good  conductors ; 
■Jjteof      pure  water  is  an  imperfect  conductor,  and  oils  are  non-conductors; 
thci^con"    wax  an(*  rna,,y  other  solids  are  imperfect  conductors,  but  when  fused 
ducting     are  good  ones.    Conducting  powers  belong  to  bodies  in  the  most  op- 
powers,     posite  states ;  thus  the  flame  of  alcohol,  and  ice,  are  equally  good 
conductors.^  Glass  is  a  non-conductor  when  cold,  but  conducts  when 
red-hot;  the  diamond  is  a  non-conductor,  but  pure  and  well  burned 
charcoal  is  among  the  best  conductors. 
Some  sub-      268.  There  are  many  mineral  substances  which  show  signs  of 
stances  be-  electricity  when  heated,  as  the  tourmalin,  topaz,  diamond,  boracite, 

tricTytaat.  &c> '  an<*  m  lnese  bodies  tne  different  surfaces  exhibit  different  elec- 
trical states. II 

Phenomena  269.  When  an  electrical  machine  is  in  good  order,  and  the  at- 
usTn^elec"  mosP^tre  dr>'»  ,l  produces  a  crackling  noise  when  the  plate  or  cylin- 
trieSS ma-  der  is  turned,  and  flashes  or  sparks  of  light  are  seen  upon  various 
chines.  .  „ 

*  For  other  forms  see  Turner's  Chcm.  81. 

t  The  insulation  of  substances  is  frequently  required  in  electro-chemical  experi- 
ments ;  a  plate  of  mica  is  the  best  substance  tor  the  purpose,  then  a  plate  of  resin  or 
wax,  or  iu  their  absence,  a  plate  of  warm  glass.  Fhraday. 

t  Of  the  metals.  Harris  found  silver  and  copper  to  bo  the  best  conductors,  and  aAer 
these  gold,  zinc,  platinum,  iron,  tin,  lead,  antimony,  and  bismuth — Phil.  Tram.  IS27. 
Part  1,21. 

5  Biot,  Traittde  Physique,  torn.  ii.  p.  213. 

||  For  a  description  of  Electrical  machines  and  a  more  full  account  of  Electricity 
see  Cambridge  Sat.  Phil.  vol.  2,  Fischer's  Elements  of  Nat.  Phii.  p.  164.  Brande'a 
Chem.  69. 
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parts  or  the  glass  passing  from  the  cushion  to  the  conductor  ;  if  the  v- 
knuckle  be  held  near  the  conductor,  sparks  pass  to  it  through  some 
inches  of  air,  with  a  peculiar  noise,  and  excite  slightly  painful  sen- 
sation in  the  part  upon  which  they  are  received.  It  is  conjectured 
that  the  cause  of  the  light  thus  perceived,  is  the  sudden  compres- 
sion of  the  air  or  medium  through  which  the  electricity  passes,  and  {jf 
it  is  always  probably  attended  by  a  proportionate  elevation  of  tem- 
perature, as  is  shown  by  the  power  of  the  spark  to  inflame  spirit  of 
wine,  fulminating  silver,  and  other  easily  inflammable  compounds. 

270.  Another  cause  of  excitement  is  proximity  to  an  electrified 
body,  which  has  a  tendency  to  induce  an  electrical  state  opposite  to 
its  own.    Thus  an  excited  stick  of  sealing-wax  attracts  light  bodies 
in  its  vicinity,  and  occasions  them  to  be  positively  electrified.    If  an  Electricity 
insulated  conductor  be  electrified,  and  an  uninsulated  conductor  bebymduc- 
opposed  to  it,  there  being  between  the  two  a  thin  stratum  of  air,tlon* 
glass,  or  other  non-conductor,  the  uninsulated  conductor,  under  such 
circumstances,  acquires  an  opposite  electrical  state  to  that  of  the  orig- 
inally electrified  insulated  conductor.    In  this  case,  the  uninsulated 
body  is  electrified  by  induction,  and  the  induced  electricity  remains 
evident,  until  an  explosion,  spark,  or  discharge  happens,  when  the 
opposite  electricities  annihilate  each  other.    Induced  electricity  may 
thus  be  exhibited  through  a  long  series  of  insulated  conductors,  pro- 
vided the  last  of  the  series  be  in  communication  with  the  earth. 

That,  in  Fig.  56,  Kip.  53- 

£  niaj   represent  J       %  %     ^  f  g 

Z&^-rJ'  i-i—M  »  M  «  t  "on' 

three  insulated  con-  — <>- '      <  «  '    V  5=  >  V  \ 

doctor*,  placed  at  a                           A  TV  \ 

IjtuV  distance  from  _  i  J£  }L  \ 


*aeh  other,  i,  having  a  chain  touching  the  ground  ;  then  the  balls  I,  brine  , 
ttvf,  will  attract  the  balls  2,  which  are  rendered  negative  by  induction.  Under 
tbew  circumstances,  each  of  the  conductor*  becomes  polar,  and  the  bnlln  3  are 
powuve,  while  4  are  negative,  5  positive,  C  negative,  &c.  ;  the  central  point*  of 
uV  conductors,  b  e  d,  are  neutral.  \\  hen  these  opposite  electrical  states  have 
•mred  at  a  certain  intensity*,  sparks  pass  between  the  different  conductors,  and 
tar  electrical  phenomena  cease.    B.  73. 

271.  The  recent  investigations  of  Fnradny,t  have  led  him  to  the  Faraday's 
inference  that  induction  is  essentially  an  action  of  contiguous  parti-  views, 
des,  through  the  intermediation  of  which  the  electric  force,  origi- 
nating or  appearing  at  a  certain  place,  is  propagated  to  or  sustained 
it  a  distance,  appearing  there  as  a  force  of  the  same  kind  exactly 
equal  in  amount,  but  opposite  in  its  directions  and  tendencies.  In- 
action is  considered  as  the  essential  function,  both  in  the  first  de 
Tclopment  and  the  consequent  phenomena  of  electricity.    He  con 
ceircs  that  induction  consists  in  a  certain  polarized  st.ite  of  the  par- 
into  which  thev  are  thrown  by  the  electrified  body  sustaining 
tae  action,  the  particles  assuming  positive  and  negative  poin^  or 


•  Electricians  generally  employ  the  term  quantity  to  indicate  the  abftolute  qnanii- 
Ifil  electric  power  in  any  l>ody,and  ihe  term  intensity  to  signify  its  power  of  pasting 
***if  h  a  certain  stratum  of  air  or  other  ill-conducting  medium. 

♦PftOoe.  7Van*.  1838.  p.  1. 

11 
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parts,  which  are  symmetrically  arranged  with  respect  to  each  other 

and  the  inducting  surface  or  particles.* 
•a-  272.  For  examining  the  specific  inductive  capacity  of  bodies, 
pacit"6*  Faraday  has  contrived  an  apparatus,  which  he  calls  a  Differential 
Faraday's  Inductometer.  It  consists  of  three  insulated  metallic  plates,  placed 
differential  facing  each  other ;  the  centre  one  being  fixed,  and  the  other  two 
inductome-  moveaDie  upon  s\\feSt  by  which  they  may  be  approximated  to  or 

withdrawn  from  the  centre.  When  a  charge  is  communicated  to 
the  centre  plate  under  ordinary  circumstances,  the  induction  is  equal 
on  both  sides  and  the  gold  leaves  are  not  disturbed.  But  if  after 
uninsulating  them,  and  again  insulating  them,  a  thick  plate  of  shel- 
lac or  sulphur,  be  interposed  between  two  of  the  plates,  unequal  in- 
duction will  take  place  on  the  two  sides,  and  the  gold  leaves  will 
attract  each  other.  By  these  means,  Faraday  has  ascertained  that, 
taking  the  specific  inductive  capacity  of  air  to  be  1. 
That  of  Glass  is  1.76 
Shellac  -  2. 

Sulphur  -  -  -  2.24 

The  results  obtained  with  spermaceti,  oil  of  turpentine,  and  nap- 
tha,  were  higher  than  that  of  air,  but  their  conducting  powers  inter- 
fered with  the  accuracy  of  the  experiments. 

By  another  form  of  apparatus,  he  ascertained  that  all  aeriform 
matter  has  the  same  power  of  sustaining  induction  ;  and  that  no  va- 
riations in  the  density  or  elasticity  of  gases  produced  any  variation 
in  their  electric  tension,  until  rarefaction  is  pushed  so  far  as  that  dis- 
charge may  take  place  across  them. 

No  difference  was  found  with  hot,  cold,  dry  or  damp  air.  These 
experiments  have  established  the  important  discovery  of  the  princi- 
ple of  specific  inductive  cnpacity.t 

273.  It  is  essential  that  the  student  should  reflect  carefully  on 
the  plain  consequences  of  the  theory  of  electricity,  since  the  appli- 
cations of  this  knowledge  are  numerous.  A  few  of  these  may  now 
be  enumerated  : — 

Conae-  1-  An  electrified  body  attracts  light  objects  near  it,  because  it  in- 
fluences of  duces  in  them  a  state  opposite  to  itself.  The  attraction  is  most  live- 
tbc  thtory.  ^  wJlen  ^  0Djecl  js  a  conductor,  and  in  contact  with  the 

ground,  since  it  then  more  completely  assumes  an  electric  state  op- 
posed to  that  of  the  inducing  body.  A  non-conductor  is  very  im- 
perfectly electrified  by  induction,  because  the  electric  fluids  cannot 
quit  each  other  from  inability  to  move  through  the  non-conductor. 

2.  If  a  stick  of  sealing-wax,  strongly  negative,  be  presented  to  a 
thread  or  pith-ball  which  is  also  negatively,  but  feebly,  excited,  re- 
pulsion will  ensue  at  a  considerable  distance,  followed  by  attraction 
when  the  distance  is  small.  This  attraction  is  due  to  the  strongly 
excited  wax  acting  by  induction  on  the  feeble  negative  thread,  there- 
by causing  it  to  have  an  excess  of  positive  electricity. 

*  According  to  Faraday,  bodies  cannot  be  charged  absolutely,  bat  only  relatirely,  and 
by  a  principle  which  is  the  same  with  that  nf  induction  :  all  cbarpe  is  sustained  by 
induction;  all  phenomena  of  intensity  include  the  principle  of  induclion;  all  excita- 
Uon  is  dependent  on  or  directly  related  to  induction;  and  all  currents  involve  previous 
intensity  and  therefore  prerious  induction. 

t  See  Land,  and  Edin.  Philot.  Mag.  Jan.  and  Feb.  1639. 
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3.  The  positive  electricity  collected  on  the  prime  conductor  of  an   g«ci.  v. 
electrical  machine  is  by  some  ascribed,  not  to  a  transfer  of  that  fluid 

from  the  glass  to  the  prime  conductor,  but  to  a  part  of  the  combined 
electricities  of  the  prime  conductor  being  separated  by  induction,  and 
the  negative  fluid  being  imparled  to  the  positive  glass.  The  same 
view  is  applicable  to  any  system  of  conductors  in  contact  with  the 
prime  conductor,  as  also  to  conductors  connected  with  the  rubber. 
It  is  difficult  to  say  which  explanation  is  the  more  correct,  or  wheth- 
er both  may  not  be  true. 

4.  On  moving  the  hand  towards  the  prime  conductor  of  an  excited 
electrical  machine,  the  hand  becomes  negative  by  induction,  and  the 
spark  ultimately  obtained  restores  the  equilibrium.  In  like  manner 
a  negatively  electrified  cloud  renders  positive  a  contiguous  tree  or 
tower,  and  then  a  stroke  of  lightning  follows  as  a  consequence  of 
attraction  between  the  two  accumulated  fluids. 

5.  The  action  of  the  Leyden  Jar  depends  on  the  principle  of  in-  Action  of 
duced  electricity.    A  glass  jar  or  bottle  with  a  wide  mouth  is  coat*  the  Leydta 
ed  externally  and  internally  with  tinfoil,  except  to  within  three  orJ*r* 

four  inches  of  its  summit ;  and  its  aperture  is  closed  by  dry  wood  or 
some  imperfect  conductor,  through  the  centre  of  which  passes  a  me- 
tallic rod  communicating  with  the  tinfoil  on  the  inside  of  the  iar. 
On  placing  the  metallic  rod  in  contact  with  the  prime  conductor  of  an 
excited  electrical  machine,  while  the  outer  coating  communicates 
with  the  ground,  the  interior  of  the  jar  acquires  a  charge  of  positive 
electricity,  and  the  exterior  becomes  as  strongly  negative.  If,  the 
jar  being  insulated,  the  metallic  rod  be  placed  close  to  the  prime 
conductor,  avoiding  actual  contact,  while  an  uninsulated  conductor 
be  held  at  an  equal  distance  from  the  outer  coating,  electric  sparks 
in  equal  number  and  of  equal  size  will  pass  between  both  intervals, 
and  both  sides  of  the  jar  are  found  to  be  in  the  same  condition  as 
before  ;  but  no  charge  will  be  received  when  the  inner  coating  com- 
municates with  the  prime  conductor,  and  the  outer  coating  is  strictly 
insulated.  From  these  facts  it  is  inferred  that  the  interior  of  the 
jar  becomes  positive,  either  by  receiving  positive  electricity  directly 
from  the  prime  conductor,  or,  as  is  more  probable,  by  communicating 
to  it  negative  electricity  ;  and  that  the  exterior  then  becomes  nega- 
tive by  the  loss  of  a  quantity  of -positive  electricity  equal  to  that  on 
the  interior.  Unless  means  be  afforded  for  the  escape  of  the  positive 
electricity  from  the  exterior,  no  charge  ought  to  be  received;  and 
this  conclusion  is  quite  conformable  to  the  fact  above  stated. 

274.  The  opposite  electric  fluids  accumulated  on  the  opposite  sides  Leyden  j»r. 
of  a  charged  Leyden  jar  exert  a  strong  mutual  attraction  through  the 
substance  of  the  glass,  and  the  presence  of  each  secures  the  continu- 
ance of  the  other.  The  exterior  of  the  jar  may  be  freely  handled, 
and  its  coating  removed,  without  destroying  the  charge,  provided  no 
communication  be  made  at  the  same  time  with  the  interior ,  and  if 
the  exterior  be  insulated,  the  charge  will  be  preserved,  though  the 
tinfoil  of  the  interior  be  removed.  But  when  a  conductor  communi- 
cates with  both  surfaces  at  the  same  instant,  the  two  fluids  rush  to- 
gether with  violence,  and  the  equilibrium  is  restored.  Whether  in 
this  and  similar  cases  the  two  fluids  coalesce  entirely  on  the  inter- 
mediate conductor,  or  whether  each  from  its  velocity  may  not  in  part 
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chaP.T.  pass  the  other,  and  be  projected  to  the  opposite  surface,  is  a  question 
"on  which  electricians  are  not  agreed, 

275.  The  Leyden  jar  affords  the  means  of  passing  through  bodies 
a  ery'     a  large  quantity  of  electricity.    For  not  only  may  jars  of  any  required 

size  be  employed,  but  it  is  easy  so  to  arrange  any  number  of  such 
jars,  that  they  shall  all  be  charged  and  discharged  at  the  same  time, 
constituting  what  is  termed  an  Electrical  Battery.  The  arrange- 
ment is  made,  by  placing  a  number  of  Leyden  jars  in  a  box  lined 
with  tinfoil,  by  which  means  their  outer  surfaces  have  free  metallic 
communication  with  each  other,  and  connecting  their  inner  surfaces 
by  wires.    T.  78. 

276.  The  operation  of  the  instrument  called  the  Electrophorus  (or 
bearer  of  electricity)  is  referable  to  the  phenomena  of  induction. 

Electropho-  The  electrophorus  (Fig.  57),  consists  of  two  metallic  plates, 
rus.  a  a,  with  an  intervening  plate  of  resinous  matter,  6,  for  which 

equal  parts  of  shellac,  resin,  and  Venice  turpentine,  are  ge- 
nerally used,  the  mixture  being  carefully  melted  in  a  pipkin, 
and  poured,  whilst  liquid,  into  a  wooden  or  metal  hoop,  of  a 
proper  size,  placed  upon  a  polished  surfacc'of glass  or  marble, 
from  which  it  easily  separates  when  cold ;  it  should  be  about 
half  an  inch  thick,  and  the  smooth  surface  being  uppermost 
the  lower  side  should  be  covered  with  tinfoil,  or  attached  to 
any  other  metallic  plate ;  a  polished  brass  plate,  with  a  glass  handle  e  attached  to 
it,  is  then  placed  upon  the  upper  surface  of  the  resinous  plate,  and  of  rather  smaller 
diameter. 

The  resin  is  excited  with  a  piece  of  dry  fur,  and  the  instrument 
will  be  found  to  exhibit  the  following  phenomena : — Upon  raising  the 
brass  plate  by  its  insulating  handle,  it  will  be  found  very  feebly 
electrical ;  replace  it,  touch  it  with  the  finger  and  again  lift  it  oflf  by 
Mode  of    its  handle,  and  it  will  give  a  spark  of  positive  electricity.    This  pro- 
Jj"Dg  ,t*     cess  may  very  often  be  repeated  without  fresh  excitation.*  The 
trophoros    electrophorus  may  often  be  used  for  the  same  purpose  as  the  electri- 
usfd  as  an  cal  machine,  and  "in  the  laboratory  it  furnishes  a  very  convenient  sub- 
dSn*  ma  st*ll,te  *°r  1*iat  more  expensive  piece  of  apparatus.t 
Electricity  ^Jectricity  is  excited  also  by  change  of  temperature.  The 

from        electric  equilibrium  is  disturbed  in  metallic  rods  or  wires  when  one 
ehangeof   extremity  has  a  different  temperature  from  that  of  the  other,  whether 
Jure!*™     lne  difference  be  effected  by  the  application  of  heat  or  cold.  The 
experiment  is  usually  made  by  heating  or  cooling  the  point  of  junc- 
tion of  two  metallic  wires,  which  are  soldered  together ;  but  Bec- 
querel  has  proved  that  the  contact  of  different  metals  is  not  essential.* 
Other  278.  There  are  many  other  sources  of  electricity.    When  glass  ii 

sources  of  rubbed  by  mercury,  it  becomes  electrified,  and  this  is  the  cause  of 
electricity.  ^e  |uminous  appearance  observed  when  a  barometer  is  agitated  in  a 
dark  room,  in  which  case  flashes  of  light  are  seen  to  traverse  the 
empty  part  of  the  tube.  Even  the  friction  of  air  upon  glass  is  at- 
tended by  electrical  excitation.  Whenever  bodies  change  their 
forms,  their  electrical  states  are  also  altered.  Thus  during  the  con- 
gelation of  melted  resins  and  sulphur,  electricity  is  rendered  sensible. 
It  is  also  developed  during  various  natural  processes ;  as  evaporation 


*  Ample  directions  for  constructing  this  useful  instrument,  and  for  applying  electri- 
city in  the  laboratory,  will  be  found  in  Faraday's  Chan.  Manipulation,  p.  436. 

t  For  a  more  full  account,  see  Turner's  Element*,  Sect.  111. 

I  An.  de  Chem.  et  dt  Phy.  xli.  363,  An.  Philo,.,  N.  S.,  t.  427,  and  PkU.  Mag.  iii. 
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and  the  condensation  of  vapour,  which  may  aid  in  accounting  for  s»ct-  v. 

certain  electrical  phenomena  of  the  atmosphere. 

Place  a  small  iron  cup,  heated  nearly  to  redness,  over  an  electrometer ;  on  Exp. 
dropping  into  it  a  small  portion  of  water,  vapour  will  be  produced,  and  the  leave* 
of  the  electrometer  will  diverge. 

279.  Another  reputed  source  of  electricity  is  contact  of  different  Electricity 
substances,  especially  of  metals;  a  source  originally  suggested  by  Jj^J^ 
Volta,  who  founded  on  it  his  theory  of  galvanism.    When  a  plate  of  metals, 
zinc  furnished  with  a  glass  handle  is  brought  into  contact  with  one 
of  copper  or  silver,  it  is  found,  after  removal,  to  be  positively  electri- 
cal, and  the  silver  or  copper  is  left  in  the  opposite  state. 

The  electricity  thus  developed  was  distinguished  as  Galvanism, 
from  the  circumstance  that  Galvani,  an  Italian  physiologist,  about 
the  year  1789,  observed  the  first  striking  phenomenon  which  led  to 
the  discover)'.  He  observed  it  only  in  its  power  of  affecting  the  ani- 
mal system;  It  was  found  that  if  the  nerve  of  a  recently  killed  frog 
was  attached  to  a  silver  probe,  and  a  piece  of  zinc  was  brought  into 
contact  with  the  muscles  of  the  animal,  violent  contractions  would 
be  produced  at  every  contact  of  the  metals.  Exactly  the  same  effect 
is  produced  by  an  electric  spark,  or  the  discharge  of  a  small  Leyden 
phial.    The  following  experiment  produces  a  similar  effect. 

Place  a  piece  of  zine  upon  the  tongue,  and  a  piece  of  silver  under  it ;  when- 
ever  the  projecting  edges  of  these  different  metals  are  made  to  touch,  a  peculiar  ~ip 
taste  or  sensation  will  be  perceived,  and  if  the  pieces  are  large  the  contact  will 
sometimes  be  accompanied  by  a  flash  of  light. 

2S0.  From  these  and  similar  experiments  Galvani  concluded  thatGalTa 
the  phenomena  were  owing  to  the  communication  of  electricity  ge-  ypo1 
nerated  by  the  animal  system.    Volta  supposed  that  the  electricity  Volta's 
derived  from  the  action  exerted  between  the  metal  and  the 


moist  animal  fibre,  and  soon  discovered  that  it  is  evolved  by  arrange- 
ments wholly  unconnected  with  any  process  of  vitality.  His  disco- 
very of  a  method  of  augmenting  the  galvanic  energy,  and  of  thus 
enabling  us  to  investigate  its  effects  with  more  precision,  has  ac- 
quired for  this  form  of  electricity  the  epithet  Voltaic. 

281.  The  identity  of  the  agent  concerned  in  the  phenomena  of 
galvanism  and  of  the  common  electrical  machine,  is  now  a  matter  of 
demonstration.  The  effects  of  common  electricity  are  caused  by  a 
comparatively  small  quantity  of  electricity  brought  into  a  state  of  in- 
sulation, in  which  slate  it  exerts  a  high  intensity,  as  evinced  by  its 
remarkable  attractive  and  repulsive  energies,  and  by  its  power  to 
force  a  passage  through  obstructing  media.  In  galvanism  the  elec- 
tric agent  is  more  intimately  associated  with  other  substances,  is 
developed  in  large  quantity,  but  never  attains  a  high  tension,  and 
produces  its  peculiar  effects  while  flowing  along  conductors  in  a  con- 
tinuous current. 

2S2.  When  a  plate  of  zinc  and  a  plate  of  copper  are  placed  in  a  Simple 
vessel  of  water,  and  the  two  metals  are  made  to  touch  each  other,  JjSJ 
either  directly  or  by  the  intervention  of  a  metallic  wire,  galvanism  is 
excited.  The  action  is,  indeed,  very  feeble,  and  not  to  be  detected 
by  ordinary  methods ;  but  if  a  little  sulphuric  acid  be  added  to  the 
water,  numerous  globules  of  hydrogen  gas  will  be  evolved  at  the  sur- 
face of  the  copper.  This  continues  while  metallic  contact  between 
the  plates  continues,  in  which  state  the  circuit  is  said  to  be  closed  ; 
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but  it  ceases  when  the  circuit  is  broken,  that  is,  when  metallic  contact 
is  interrupted.  The  hydrogen  gas  which  arises  from  the  copper 
plate  results  from  water  decomposed  by  the  electric  current,  and  its 
ceasing  to  appear  indicates  the  moment  when  the  current  ceases.  Id 
this  case  the  voltaic  circle  consists  of  zinc,  copper,  and  interposed  di- 
lute acid  ;  and  the  circle  gives  rise  to  a  current  only  when  the  two 
metals  are  in  contact.  This  arrangement  is  shown  in  Fig.  69,  where 
metallic  contact  is  readily  made  or  broken  by  ^ 
means  of  copper  wires  soldered  to  the  plates.  It 
is  fouod  that  a  current  of  positive  electricity  con* 
tinually  circulates  in  the  closed  circuit  from  the 
zinc  through  the  liquid  to  the  copper,  and  from 
the  copper  along  the  conducting  wires  to  the 
zinc,  as  indicated  by  the  arrows  in  the  figure.  A 
current  of  negative  electricity,  agreeably  to  the  theory  of  two  electric 
fluids,  ought  to  traverse  the  apparatus  in  a  direction  precisely  re- 
versed ;  but  for  the  sake  of  simplicity  the  course  of  the  positive  cur- 
rent  only  will  hereafter  be  indicated. 

233.  It  matters  not,  so  far  as  voltaic  action  is  concerned,  at  what 
part  the  plates  touch  each  other.  Immersion  of  one  plate  only  in 
the  acid  solution,  however  contact  between  the  plates  may  be  made, 
does  not  excite  voltaic  action  ;  nor  does  it  suffice  to  have  one  plate  in 
one  vessel,  and  the  other  plate  in  another  vessel.  A  plate  of  zinc 
soldered  to  one  of  copper,  and  plunged  into  dilute  acid,  gives  a  cur- 
rent passing  from  the  zinc  through  the  fluid  round  to  the  copper: 
but  if  the  soldered  plates  are  cemented  into  a  box  with 
a  wooden  bottom  and  metallic  sides,  so  as  to  form  two 
separate  cells,  as  shown  in  a  vertical  section  by  Fig. 
59,  then  the  introduction  of  dilute  acid  to  the  cells  will 
not  excite  a  current  unless  the  fluid  of  the  cells  be 
made  to  communicate  by  means  of  moistened  fibres  of 
twine,  cotton,  or  some  porous  matter,  or,  as  in  the  figure, 
by  wires  a  b,  soldered  to  the  metallic  sides  which  contain  the  dilute 
acid,  or  dipping  into  the  acid  itself.  Then  the  positive  current  cir- 
culates in  the  direction  shown  by  the  arrows. 

Instead  of  a  pair  of  plates  being  soldered  together,  they  may  be 
connecteJ  by  a  wire,  and  plunged  into  separate  cells. 
Circleof       234.  A  simple  voltaic  circle  may  be  formed  of  one  metal  and  two 
mewl  and  liquid^  provided  the  liauids  are  such  that  a  stronger  chemical  action 
iqul  '       is  induced  on  one  side  than  on  the  other.  Nay,  the  same  acid  solution 
may  occupy  both  cells,  provided  some  condition  be  introduced  which 
shall  cause  one  side  of  the  zinc  to  be  more  rapidly  dissolved  than  the 
other ;  as  by  the  plate  being  rough  on  one  side  and  polished  on  the 
other,  or  by  the  acid  being  hot  in  one  cell  and  cold  in  the  other.  In 
this  case,  however,  the  result  is  the  same  as  though  two  different 
liquids  were  used. 

285  An  interesting  kind  of  simple  voltaic  circle  is  afforded  by 
commercial  zinc.  This  metal,  as  sold  in  the  shops,  contains  traces 
of  tin  and  lead,  with  rather  more  than  one  per  cent,  of  iron,  which  is 
mechanically  diffused  through  its  substance  :  on  immersion  in  dilute 
sulphuric  acid,  these  small  particles  of  iron  and  the  adjacent  zinc 
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form  numerous  voltaic  circles,  transmitting  their  currents  through  v. 
the  acid  which  moistens  them,  and  disengaging  a  large  quantity  of 
hydrogen  gas.* 

286.  While  the  current  formed  by  the  contact  of  two  metals  gives 
increased  effect  to  the  affinity  of  one  of  them  for  some  element  of  the 
solution,  the  ability  of  the  other  metal  to  undergo  the  same  change 
is  proportionally  diminished.  Thus,  when  plates  of  zinc  and  copper 
touch  each  other  in  dilute  acid,  the  zinc  oxidizes  more,  and  the  cop- 
per less,  rapidly  than  without  contact.  This  principle  was  beauti-j^  ,g 
fully  exemplified  by  the  attempt  of  Davy  to  preserve  the  copper  protector, 
sheathing  of  ships.    Davy  found  that  the  quantity  of  zinc  required 

to  form  an  efficient  voltaic  circle  with  copper  was  very  small.t  Un- 
happily, in  practice,  it  is  found  that  unless  a  certain  degree  of  cor- 
rosion takes  place  in  the  copper,  its  surface  becomes  foul  from  the 

287.  Simple  voltaic  circles  may  be  formed  of  various  materials  ;  Other  cir- 
but  the  combinations  usually  employed  consist  either  of  two  perfect cl,i- 

and  one  imperfect  conductor  of  electricity,  or  of  one  perfect  and  two 
imperfect  conductors.  The  substances  included  under  the  title  of 
perfect  conductors  are  metals  and  charcoal,  and  the  imperfect  con- 
ductors are  water  and  aqueous  solutions.  It  is  essential  to  the  ope- 
ration of  the  first  kind  of  circle,  that  the  imperfect  conductor  act 
chemically  on  one  of  the  metals  :  and  in  case  of  its  attacking  both, 
the  action  must  be  greater  on  one  metal  than  on  the  other.  It  is 
tiso  found  generally,  if  not  universally,  that  the  metal  most  attacked 
is  positive  with  respect  to  the  other,  or  bears  to  it  the  same  relation 
as  zinc  to  copper.! 

288.  The  presence  of  water  has  been  shown  by  Faraday  not  to  be  Water  not 
essential.    A  battery  may  be  composed  of  other  liquid  compounds,  e*»*Qtial. 
such  as  a  fused  metallic  chloride,  iodide,  or  fluoride,  provided  it  is 
decomposable  by  galvanism,  and  acts  chemically  on  one  metal  of  the 

circle  more  powerfully  than  on  the  other. 

The  following  table  of  voltaic  circles  of  the  second  kind  is  from 
Dairy's  Elements  of  Chemical  Philosophy  :— 


*  Mr  Sturgeon  bas  remarked  that  commercial  zinc,  with  its  surface  amalgamated, 
Inch  may  Be  dooc  by  dipping  a  zinc  plate  into  nitric  acid  diluted  with  two  or  three 
Parts  of  water,  and  then  rubbing  it  with  mercury,  resists  the  action  of  dilute  acid  fully 
*»  well  as  the  purest  zinc.  This  fact,  of  which  Faraday  in  his  late  researches  has 
acd*  excellent  use,  appears  due  to  the  mercury  bringing  the  surface  of  the  zinc  to  a 
sure  of  perfect  uniformity,  preventing  those  differences  (tetween  one  spot  and  another, 
•tilth  are  essential  to  the  production  of  minute  currents  ;  one  part  has  the  same  ten- 
dency to  combine  with  electricity  as  another,  and  cannot  act  as  a  discharger  to  it  (Fa- 
rad.y). 

I  Phil.  TranM.  1*34. 

:r>iTy,  in  his  Bakerian  lecture  for  1826  (Phil.  TranM  ),  gave  the  following  list  of 
the  first  kind  of  arrangements,  the  imperfect  conductor  being  either  the  common  acids, 
tikalioe  solution*,  or  solutions  of  metallic  sulphur,  ts  such  as  sulpburet  of  potassium. 
The  metal  first  mentioned  is  positive  to  those  standing  after  it  in  the  series. 

Wdh  rvmmon  acid*.— Potassium  and  its  amalgams,  barium  and  its  amalgams, 
t.T.alirim  of  zioe,  cadmium,  tin,  iron,  bismuth,  antimony,  lead,  copper,  silver,  palladi- 
um, tellurium,  gold,  charcoal,  platinum,  iridium,  rhodium. 

Wdh  alkaline  solution* — The  alkaligeoous  metals  and  their  amalgams,  zinc,  tin, 
lead,  copper,  iroo,  silver,  palladium,  gold,  and  platinum. 

H  ^pS'ladKtm  %  Lhb  sulf>hxtrttM'— Zinc.  lin»  *°Yi*T*  iron,  bismuth,  silver,  pla- 
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I. 


Exp. 


Metals  not 


Circlet 


Copper 

Silver 

Lead 

Tin 

Zinc 

Other  metal* 
Charcoal 


Nitric  acid 
Sulphuric  acid 
Hydrochloric  acid 
Any  solutions  contain- 
ing acid. 


The  most  energetic  of  these  combinations  is  that  in  which  the 
metal  is  chemically  attacked  on  one  side  by  sulphuret  of  potassium, 
and  on  the  other  by  an  acid.  The  experiment  may  be  made  by  pour- 
ing dilute  nitric  acid  into  a  cup  of  copper  or  silver,  which  stands  in 
another  vessel  containing  sulphuret  of  potassium.  The  following 
arrangements  may  also  be  employed  : — 

Let  two  pieces  of  thick  flannel  he  moistened,  one  with  dilute  acid  and  the 
other  with  the  sulphuret,  and  then  placed  on  opposite  sides  of  a  plate  of  copper, 
completing  the  circuit  by  touching  each  piece  of  flannel  with  a  conducting  wire  I 
or,  take  two  discs  of  copper,  each  with  its  appropriate  wire,  immerse  one  disk 
into  a  glass  filled  with  dilute  acid,  and  the  ottier  into  a  separate  glass  with  alka- 
line solution,  and  connect  the  two  vessels  by  a  few  threads  of  amianthus  or  cotton 
moistened  with  a  solution  of  salt  A  similar  combination  may  be  disposed  in 
this  order  :  let  one  disc  of  copper  be  placed  on  a  piece  of  glass  or  dry  wood  ;  on 
its  upper  surface  lay  in  succession  three  pieces  of  flannel,  the  first  moistened 
with  dilute  acid,  the  second  with  solution  of  salt,  and  the  third  with  sulphuret  of 
potassium,  and  then  cover  the  last  with  the  other  disc  of  copper. 

299.  Metallic  bodies  are  not  essential  to  the  production  of  galvanic 
phenomena.  Combinations  have  been  made  with  layers  of  charcoal 
and  plumbago,  of  slices  of  muscle  and  brain,  and  beet-root  and  wood; 
but  the  force  of  these  circles  though  accumulated  by  the  union  of 
numerous  pairs,  is  extremely  feeble,  and  they  are  very  rarely  em- 
ployed in  practice. 

290.  Of  the  simple  voltaic  circles  above  described,  the  one  used 
for  ordinary  purposes  is  that  composed  of  a  pair  of  zinc  atid  copper 
plates  excited  by  an  acid  solution  arranged  as  in  Fig.  58.  The  form 
and  size  of  the  apparatus  are  exceedingly  various.  Instead  of  actu- 
ally immersing  the  plates  in  the  solution,  a  piece  of  moistened  cloth 
may  be  placed  between  them.  Sometimes  the  copper  plate  is 
made  into  a  cup  for  containing  the  liquid,  and  the 
zinc  is  fixed  between  its  two  sides,  as  shown  by  the 
accompanying  transverse  vertical  section,  Fig.  60  ; 
care  being  taken  to  avoid  actual  contact  between  the 
plates,  by  interposing  pieces  of  wood,  cork,  or  other 
imperfect  conductor  of  electricity.  T.9I.  Anothercon- 
trivance,  which  is  much  more  convenient,  because  the 
zinc  may  be  removed  at  will  and  have  its  surface  cleaned,  is  that 
represented  by  Fig.  61.  An  earthen  pot  a  a  is  Ftf.6i. 
lined  with  a  cylinder  of  thin  copper,  within  which  §  ^ 
are  one  or  more  smaller  cylinders  of  the  same, 
connected  at  bottom  by  narrow  pieces  of  cop- 
per. One,  or  more  cylinders  of  zinc  are  placed  in 
the  space  between  the  coppers,  being  somewhat 
shorter  than  the  copper  cylinders,  and  are  support- 
ed on  the  edge  of  the  pot  by  projecting  pieces  sol- 
dered to  the  upper  edges.  (Fig.  62.)  Small  cups 
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Hart's  Calorimotor. 


to  the  two  metals  for  receiv-  r 
ing  a  few  drops  of  mercury,  into  which 
the  ends  of  wires  may  be  dipped  and  the 
circuit  be  closed  or  broken  at  pleasure. 
This  apparatus  is  very  serviceable  in  expe- 
riments on  electro-magnetism.  The  liquid 
employed  is  a  solution  of  sulphate  of  cop- 
per (blue  vitriol)  in  water,  and  may  be  allowed  to  remain  in  the  pot 
wben  the  apparatus  is  not  in  use,  all  that  is  necessary  is  to  remove 
the  zinc  cylinder. 

Another  kind  of  circle  may  be  formed  by  coiling  a  sheet  of  zinc 
and  copper  round  each  other,  so  that  each  surface  of  the  zinc  may 
be  opposed  to  one  of  copper,  and  separated  from  it  by  a  small  inter- 
val. The  contrivance  of  opposing  one  large  connected  surface  of 
line  to  a  similar  surface  of  copper,  originated  with  Hare  of  Phil- 
adelphia, who,  from  its  surprising  power  of  igniting  metals,  gave  it 
the  name  of  Calorimotor.* 

291.  Compound  voltaic  circles  consist  of  a  series  of  simple  circles.  Compound 
The  first  combinations  of  the  kind  were  described  by  Volta,  and  are 


•  A  a,  represent  two  cubical  vessels, 
square,   inside,    b  6, 


»  frame  of  wood  containing  20  sheets 
of  copper,  and  20  sheets  of  zinc,  alter- 
Dauog  with  each  other,  and  about  halt 
an  inch  apart.  T  T  M,  masses  of  tin 
cut  orer  the  protruding  edges  of  the 
sheets  which  are  to  communicate  with 
Tbe  small  fig.  on  the  right, 
the  mode  in  which  the  junc- 
hetween  the  rarious  sheets  and 
tin  masse*  is  effected.  The  zinc  only 
is  in  cootact  with  the  tin  on  one 
s»d>;  the  copper  alone  touches  on 
ih*  other.  At  the  back  of  the  frame, 
tea  sheets  of  copper  and  ten  sheets  of 
doc  are  made  to  communicate,  by  a 
eommon  masa  of  tin  extending  the 
whole  length  of  the  frame,  between  T 
T;  bat  in  front,  as  in  Fig.  63,  there  ia 
an  interstice  between  the  masa  of  tin 
the  ten  copper  sheets,  and 
connecting  the  ten  zinc  sheets.  The  screw  forceps,  appertaining  to  each  of  the 
tic  masses,  may  be  seen  on  either  side  of  the  interstice ;  and  likewise  a  wire  for  igni- 
held  letween  them.  The  application  of  the  rope,  pulley,  and  weights  is  obri- 
eas.  The  frame  can  be  swung  round  and  lowered  into  the  water  in  the  Teasel  a,  to 
*a>h  off  the  acid,  which,  after  immersion  in  tbe  other  Teasel,  might  continue  to  act  on 
*&ti  is,  incrusting  them  with  oxide. 
Wben  the  copper  and  zinc  surfaces  are  united  by  an  interrening  wire,  and  the  in* 
(foment  is  immersed  in  the  acid  liquor  in  tbe  Tessel  beneath,  the  wire  becomes  in- 


ely  ignited,  and  wben  hydrogen  is  liberated  in  sufficient  quantity  it  usually  takes 
t*  r*  -Ju.-in^  :i  very  teaiititul  c<>rrus<  atmg  flume  upon  the  surlnee  of  tbe  liquid**  Or 


following  method  may  be  employed  :  cut  the  plates  into  the  Fiff#  M 


to 


form  represented  in  Fig.  64,  snider  the  zinc  .  ■ 
and  copper  together,  bend  them  into  the    c  II 
form  of  Fig. 65  and  arrange  them  in  the  11  I 
trough  as  in  Fig.  72.    The  zinc  plates  are  kept  from 
the  copper  plates  by  nieces  of  cork,  and  piece*  of  thick  paper  are 
interposed  between  the  contiguous  surfaces  of  copper.  Faraday, 
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Chap.  I.   now  well  known  under  the  names  of  voltaic  piU  and  crown  of 


Fig.  « 


Position  of 
tbe  metals. 


Trough. 


(Fig.  66).  In  this  apparatus  the  exciting  so- 
lution is  contained  in  separate  glasses  or 
cups ;  each  glass  contains  a  pair  of  plates, 
and  each  zinc  plate  is  attached  to  the  <"op- 
per  of  the  next  pair  by  a  metallic  wire.  The 
voltaic  pile  is  made  by  placing  pairs  of  zinc 
and  copper,  or  zinc  and  silver  plates  one 
above  the  other,  as  shown  in  Fig.  67,  each  pair  separated  from 
those  adjoining  by  pieces  of  cloth  rather  smaller  than  the  Fig  67. 
plates,  and  moistened  with  a  saturated  solution  of  salt. 
The  relative  position  of  the  metals  in  each  pair  must  be 
'  the  same  in  the  whole  series ;  that  is,  if  the  zinc  be  placed 
below  the  copper  in  the  first  pair,  the  same  order  should 
be  observed  in  all  the  others.  Without  such  precaution 
the  apparatus  would  give  rise  to  opposite  currents, 
which  would  neutralize  each  other  more  or  less  accord- 
ing to  their  relative  forces.  The  pile,  which  may  con- 
sist of  any  convenient  number  of  combinations,  should 
be  contained  in  a  frame  formed  of  glass  pillars  fixed  into  a  piece  of 
thick  dry  wood,  by  which  it  is  both  supported  and  insulated.  Any 
number  of  these  piles  may  be  made  to  act  in  concert  by  establishing 
metallic  communication  between  the  positive  extremity  of  each 
pile  and  the  negative  extremity  of  the  pile  immediately  following. 

292.  The  voltaic  pile  is  now  rarely  employed,  because  we  possess 
other  modes  of  forming  galvanic  combinations  which  are  far  more 
powerful  and  convenient.  The  galvanic  battery  proposed  by  Cruik- 
shank,  consists  of  a  trough  of  baked  wood,  about  30  inches  long,  in 
which  are  placed  at  equal  distances  50  pairs  of  rig.  m. 
zinc  and  copper  plates  previously  soldered  to-  J—^^S^L. 
gether,  and  so  arranged  that  the  same  metal  C  e 
shall  always  be  on  the  same  side.  Each  pair  ! 
is  fixed  in  a  groove  cut  in  the  sides  and  bottom 
of  the  box,  the  points  of  junction  being  made 
water-tight  by  cement.  The  apparatus  thus 
constructed  is  always  ready  for  use,  and  is 
brought  into  action  by  filling  the  cells  left  between  the  pairs  of  plates 
with  some  convenient  solution,  which  serves  the  same  purpose  as  the 
moistened  cloth  in  the  pile  of  Volta.  By  means  of  Figs.  68  and 
69  the  mode  in  which  the  plates  are  arranged  will  easily  be  under- 
stood. 

293.  Other  modes  of  combination  are  now  in  use,  which  facilitate 
the  employment  of  the  voltaic  apparatus  and  increase  its  energy. 
Most  of  these  may  be  regarded  as  modifications  of  the  crown  of  cups. 
Instead  of  glasses  it  is  more  convenient  to  employ  a  trough  of  baked 
wood,  (Fig.  69),  or  glazed  earthenware, 
divided  into  separate  cells  by  partitions  of 
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Fig.  69. 


and  in  order  that  the 
immersed  into  and  taken 


oniniiiiiflnHnmiiiDBi 


the  same  materia 
plates  may  be 

out  of  the  liquid  conveniently  and  at  the  same  moment,  they  are  all 
attached  to  a  bar  of  dry  wood,  the  necessary  connexion  between 
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Sect.  V. 


the  zinc  of  one  cell  and  the  copper  of  the 
adjoining  one  being  accomplished,  as 
shown  in  6gure  70,  by  a  slip  or  wire  of 
copper.* 

294.  The  size  and  numberof  the  plates 
may  be  varied  at  pleasure.    The  common 

and  most  convenient  size  for  the  plates,  is  f\fvrvr\f\  "xrvv^^ 
four  or  six  inches  square ;  and  when  great 
power  is  required,  a  number  of  different 
batteries  are  united  by  establishing  metal- 
lic communication  between  the  positive 
extremity  of  one  battery  and  the  negative  extremity  of  the  adjoin- 
ing one.  The  great  battery  of  the  Royal  Institution,  with  which 
Davy  made  his  celebrated  discovery  of  the  compound  nature  of  the  al- 
kalies, was  composed  of  2000  pairs  of  plates,  each  plate  having  32 
square  inches  of  surface.  It  is  now  recognized,  however,  that  such 
large  compound  batteries  are  by  no  means  necessary.  Increasing  the 
number  of  plates  beyond  a  very  moderate  limit  gives,  for  most  purpos- 
es, no  proportionate  increase  of  power;  so  that  a  battery  of  50  or  100 
pairs  of  plates,  thrown  into  vigorous  action,  will  be  just  as  effective 
as  one  of  far  greater  extent. 

295.  The  electrical  condition  of  compound  voltaic  arrangements  is  Condition 
similar  to  that  of  the  simple  circle.    In  the  broken  circuit  no  electric  ^"J1^. 
cunreot  can  be  traced ;  but  in  the  closed  circuit,  that  is,  when  the  c)e«. 
wires  from  the  opposite  ends  of  the  battery  are  in  contact,  the  galva- 
nometer indicates  a  positive  electric  current  through  the  battery  itself 


r — — 
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*A  material  improvement  in  the  apparatus  was  made  by 
Wollaston,  which  consisted  in  extending  the  copper  plate,  so 
as  to  oppose  it  to  every  surface  of  the  zinc,  as  seen  in  Fig.  71. 
A  is  the  red  of  wood  to  which  the  plates  are  screwed  ;  b  b  the 
zinc  plates  connected  as  usual  with  the  copper  plates  c  c, 
•which  are  doubled  over  the  zinc  plates,  and  opposed  to  them 
upon  all  sides,  contact  of  the  surfaces  being  prevented  by 
pieces  of  wood  or  cork  placed  at  d  d.  Hare  adopted  this  with 
great  advantage  m  his  Deflngratr.r.  (Fig.  72.)  It  consists  of  four 
troughs  a  a,  bb,  each  10  feel  long.  Each  two  of  the  troughs 
are  joined  lengthwise,  edge  to  edge,  so  that  when  the  sides  of 
the  two  6  6  are  vertical,  those  of  the  others  a  a  are  horizontal. 
The  troughs  are  supported  by  a  frame  c  c,  and  turn  upon  pi- 
vots d  d.  The  pivots  are  made  of  iron  coated  with  brass  or  copper,  and  a  communi-  ttuv**  p,r» 
cation  is  made  between  these  and  the  galvanic  series  within  by  strips  of  copper  e.  «r«ioc. 


fit-  79- 


Fig.  73. 


Fig.  74. 


I 


The  galvanic  series  of  300  pairs  of  copper  and  zinc  plates  (connected  as  in  Figs.  73 
and  74,  each  z 
*   The  aci 


a  a. 


inc  plate  z  being  between  two  copper  plates  c  c)  are  placed  in  the  troughs 
id  liquor  is  contained  in  the  troughs  b  b,  and  by  a  partial  revolution  of 
the  apparatus  is  made  to  flow  into  the  troughs  coutaiaing  the  plates. 

*  6e«  Amer.  Jour.  ill.  347. 
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Chap,  i.  and  along  the  wires,  as  shown  by  the  arrows  in  Figs.  66  and  68. 
*  The  direction  of  the  current  appears  at  first  view  to  be  different  from 
that  of  the  simple  circle  ;  since  in  the  latter  the  positive  electric  cur- 
rent flows  from  the  zinc  through  the  liquid  to  the  copper,  while  in 
the  compound  circle  its  direction  is  from  the  extreme  copper  through 
the  battery  to  the  extreme  zinc  plate.  This  apparent  difference 
arises  from  the  compound  circle  being  usually  terminated  by  two 
superfluous  plates.  The  extreme  copper  and  extreme  zinc  plate  of 
Fig.  68  are  not  in  contact  with  the  exciting  fluid,  and  therefore  con- 
tribute nothing  to  the  galvanic  action :  removing  these  superfluous 
plates,  which  are  solely  conductors,  there  will  remain  four  simple 
circles,  namely,  the  three  pair  of  soldered  plates  marked  2,  3,  4, 
which  act  as  in  Fig.  59,  and  the  then  extreme  plates,  1,  1,  which 
are  related  to  each  other  as  the  plates  in  Fig.  58.  When  thus  ar- 
ranged, the  direction  of  the  current  will  be  seen  to  correspond  with 
that  of  the  simple  circle. 
5ftSr  1>urin&  lhe  aclion  of  a  simple  circle,  as  of  zinc  and  copper, 

gcn.y  excited  by  dilute  sulphuric  acid,  all  of  the  hydrogen  developed  in  the 
voltaic  process  is  evolved  at  the  surface  of  the  copper.  This  fact  i» 
not  apparent  when  common  zinc  plates  are  used,  owing  to  the  nu- 
merous currents  which  form  on  the  surface  of  the  zinc  (285) ; 
but  when  a  plate  of  amalgamated  zinc  and  another  of  platinum  are 
introduced  into  dilute  sulphuric  acid  of  specific  gravity  1.068  or  a 
little  higher,  no  gas  whatever  appears  until  contact  between  the 
plates  is  made,  and  then  hydrogen  gas  rises  solely  from  the  platinum, 
while  zinc  is  tranquilly  dissolved.  The  separation  of  one  ingredient 
of  the  exciting  solution  at  one  plate,  while  the  element  previously 
combined  with  it  unites  with  the  other  plate,  seems  essen- 
tial to  voltaic  action.  It  is  in  some  way  connected  with  the  passage 
of  the  current  across  the  exciting  liquid. 

297.    Among  the  different  kinds  of  voltaic  apparatus  is  usually 
placed  the  electric  column  of  De  Luc,  which  is  formed  of  successive 
pairs  of  silver  and  zinc,  or  silver  and  Dutch-metal  leaf,  separated  by 
pieces  of  paper  arranged  as  in  a  voltaic  pile.    It  is  remarkable  for 
its  power  of  exhibiting  attractions  and  repulsions  like  common  elec- 
tricity, but  cannot  produce  chemical  decomposition  or  any  of  the 
effects  most  characteristic  of  a  voltaic  current,  and  is  rather  an  elec- 
trical than  a  voltaic  instrument.*  T.94. 
Theories  of    298.  Several  theories  have  been  proposed  for  the  explanation  of 
Galvanism,  galvanism  and  its  effects.    Volta  conceived  that  electricity  was  set 
Voita's,     lQ  motion  and        Upf  solely  by  the  contact  or  communication  be- 
tween the  metals.    He  regarded  the  interposed  solution  merely  as  a 
conductor,  by  means  of  which  the  electricity  of  each  pair  of  plates  is 
conveyed  from  one  part  of  the  apparatus  to  the  other. 
Wollas-        299.  The  second  theory  is  that  of  Wollaston,  who  assigned  chemi- 
too's,       cal  action  as  the  cause  of  the  electricity  excited.    He  concluded  that 
the  process  begins  with  the  oxidation  of  the  zinc,  and  that  the  con- 


*Fig.  2,  Frontispiece,  represents  De  Lac's  columns,  with  a  metallic  ball  suspended 
between  them.  The  glass  tubes  are  packed  with  1000  or  1500  pairs  of  zinc  ana  silTer 
disks,  the  series  commencing  with  zinc  in  one,  and  with  silver  in  the  other ;  the  co- 
lumns terminate  at  bottom  in  small  bells,  between  which  the  ball  is  attracted  and 
repeUedJor  a  considerable  length  of  time,  producing  an  irregular  chime.  See 
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tact  of  the  plates  served  only  to  conduct  electricity-    The  third  the-  Sact.  v. 
ory  was  that  proposed  by  Davy,  who  maintained  that,  though  not 
the  primary  movers  of  the  electric  current,  the  chemical  changes  are    Ty  s' 
essential  to  the  continued  action  of  every  voltaic  circle.    The  elec- 
tric excitement  wns  begun,  he  thought,  by  metallic  contact,  and  main- 
tained by  chemical  action. 

90(X  Conclusive  evidence  against  the  theory  of  Volta  has  very 
recently  been  obtained  by  Faraday.*  He  proved  metallic  contact 
not  to  be  essential  to  voltaic  action,  by  procuring  that  action  quite 
characteristically  without  contact. 

A  plate  of  zinc,  a,  Fig.  75,  about  8  inches  long  by  4  an  inch  wide,      fig.  75. 
w»  cleaned  and  bent  at  a  right  angle  :  and  a  plate  of  platinum,  ol 


i 


and  a  plate  1 

width  and  three  inches  long,  was  soldered  to  a  platinum 
MB*,  if  z,  the  point  of  which,  z>  rested  on  a  piece  of  bibulous  pa- 
f*r  Wine  upon  the  zinc,  and  moistened  with  a  solution  of  iodide  of 
potaswnm.  On  introducing  the  plates  into  a  vessel,  c,  6lled  with 
ii- ii'-  »ulnhuric  Bad  nitn<  acid, n  positive  electric  current  instantly  — Uj 
•  !•.••!  ui  the  direction  of  the  arrow,  as  testified  by  the  hydrogeg)  ! 
evolved  at  the  plate  a,  by  the  decomposed  iodide  of" potassium,  and 

i  ralvanometer.  We  have  thus  a  simple  circle  or  the  same 
traction  and  action  as  in  Figure  5t3,  except  in  the  absence  ol 
tallic  contact. 

Another  proof,  aptly  cited  by  Faraday,  of  electric  ex-  ^ 
citement  being  independent  of  contact,  is  afforded  by  the  spark 
which  appears,  when  the  wires  of  a  pair  of  plates  in  vigorous  action 
■re  brought  into  contact.  The  spark  is  occasioned  by  the  passage 
of  electricity  across  a  thin  stratum  of  air,  and,  therefore,  its  produc- 
tioa  proves  thai  electro-motion  really  occurred  while  the  wires  were 
yet  separated  by  a  thin  stratum  of  air,  which  permitted  the  electric 
current  to  pass,  and  anterior  to  their  actual  contact.  This  current, 
in  Faraday's  experiment,  was  so  feeble  compared  with  the  one 
eicited  by  the  acid  solution,  that  its  influence  was  scarcely  ap- 
preciable ;  but  if  the  opposed  currents  had  ^ ,. 
been  of  the  same  force,  no  action  would  ™  1  f» 
have  ensued.     To  illustrate  this  still  fur-  V  X 

ther,  Faraday  fixed  a  plate  of  platinum,  r,  \J  J   \^ 

(Fig.  76)  parallel  and  near  to  a  plate  of  amal-  y  *-~«a.  x 
£imaied  zinc,  z.  On  placing  a  drop  of  dilute  sulphuric  acid  at  y, 
aad  making  metallic  contact  between  the  plate  at  z  p,  a  positive  elec- 
trie  current  flowed  in  the  direction  of  the  arrows.  If,  in  the  same 
plates  (Fie.  77),  the  acid  be  introduced  at  xt  rig.rr. 
and  metallic  contact  be  made  at  p  z,  the  cur- 
rent,  passing  as  before  from  zinc  through 
the  liquid  to  the  platinum,  has  a  direction  op- 
posed to  that  of  Fig.  59,  owing  to  the  reversed  z  m 1  1  x 
position  of  the  acid.  If,  then,  in  the  same  plate,  (Fig.  78),  a  drop  of 
tcid  be  introduced  at  y  and  x,  the  conditions  are  obviously  fulfilled  for 
producing  two  opposite  currents  of  positive  electricity,  each  fluid  act- 
ings* a  substitute  for  metallic  contact  in  conducting  the  current  which 
the  other  lends  to  generate.  If  these  opposing  currents  happen  to  be 
equal,  they  will  annihilate  the  effects  each  separately  would  produce ; 
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chap,  l.   and  if  unequal,  the  stronger  current,  as  in  Fig.  75,  will  annihilate 
'  the  weaker,  and,  though  with  diminished  power,  impress  its  charac- 
ter on  the  circuit. 

301.  These  considerations,  made  in  reference  to  a  simple  circle, 
lead  at  once  to  the  theory  of  the  compound  circle.    For  if,  in  Fig. 
78,  a  drop  of  dilute  acid,  which  acts  solely  on            Fig.  7S. 
the  zinc,  be  introduced  at  y,  and  a  different  ^-  

\'.m->'.A    — .      ..      ,,.....-,1.1.,    «r  ^,.rrn,li,L/T   tJnlimim    «  ■*  A  ^=^5 


liquid  at  x,  capable  of  corroding  platinum  and  v<v^T 
not  zinc,  then  the  chemical  action  at  y  will  \JL 
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cause  a  positive  current  from  zinc  to  platinum,  y  Z  x 
and  that  at  x  a  similar  current  from  platinum  to  zinc.  The  two  cur- 
rents tend  to  circulate  in  the  same  direction,  and  each  promotes  the 
progress  of  the  other.  The  same  slate  of  things  exists  in  the  batte- 
ries represented  by  Figs.  66  and  68.  Chemical  action  taking  place 
on  the  zinc  of  each  pair  of  plates,  there  is  a  tendency  to  establish  an 
equal  number  of  positive  currents  all  in  the  same  direction  ;  and  the 
simultaneous  effort  of  all  urges  on  the  current  with  a  force  which  it 
could  not  derive  from  a  single  pair  of  plates.  It  is  now,  also,  appa- 
rent that  all  the  zinc  plates  should  have  their  surfaces  towards  one 
side,  and  those  of  copper  towards  the  other:  one  reversed  pair  tends 
to  establish  a  counter-current,  which  enfeebles  the  influence  of  the 
rest.  On  the  same  principle,  the  exciting  liquid  of  a  voltaic  circle 
should  act  exclusively  on  one  of  the  plates  :  if  the  copper  is  oxidized 
as  fast  as  the  zinc,  opposite  currents  will  be  excited,  which  more  or 
less  completely  counteract  each  other.  For  this  reason,  platinum  and 
zinc  act  better  than  copper  and  zinc,  especially  when  nitric  acid  is 
employed. 

302.  Electricians  distinguish  between  quantity  and  intensity  in 
galvanism  as  in  ordinary  electricity.  Quantity,  in  reference  to  a 
voltaic  circle,  signifies  the  quantity  of  electric  fluid  set  in  motion  ; 
and  by  tension  or  intensity  is  meant  the  energy  or  effort  with  which 
a  current  is  impelled.  The  current  of  a  single  pair  of  plates,  though 
variable  in  intensity  according  as  the  nature  and  strength  of  the  ex- 
citing liquid  varies,  never  attains  a  high  tension.  A  compound 
circle  does  not  act  by  directly  increasing  the  quantity  of  electricity, 
but  by  giving  impetus  or  tension  to  that  which  is  excited. 

303.  The  energy  of  a  voltaic  circle  is  usually  estimated  either  by 
the  deflection  which  it  causes  on  a  magnetic  needle,  or  by  its  power 
of  chemical  decomposition. 

Chemical  decomposition  depends  on  quantity  and  intensity  to- 
gether, and  affords  a  criterion  of  the  increased  tension  of  a  com- 
pound circle  due  to  an  increase  in  the  number  of  its  plates. 

304.  Some  conceive  that  what  is  called  an  electric  current  is  not 
an  actual  transfer  of  anything,  but  a  process  of  induction  among  the 
molecules  of  a  conductor  passing  progressively  along  it.  Others, 
denying  independent  materiality  to  electricity,  may  ascribe  it  to  a 
wave  of  vibrating  matter,  just  as  the  phenomena  of  optics  are  ex- 
plained by  the  undulatory  theory.  But  whatever  theory  of  the  na- 
ture of  electricity  may  be  adopted,  it  seems  necessary,  after  the  ex- 
periments of  Faraday  on  the  identity  of  voltaic  and  common  electrici- 
ty, that  the  nature  of  an  electric  and  voltaic  current  is  essentially  the 


same. 
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>.  When  a  zinc  and  copper  plate  are  immersed  in  dilute  acid,  s«x  v. 
and  the  wire  attached  to  the  former  is  connected  with  a  gold-leaf 
electrometer  of  sufficient  delicacy,  the  leaves  diverge  with  negative  zjjjj?^ 
electricity ;  and  on  testing  the  wire  of  the  copper  plate  in  a  QffiaUo»on  tlectro- 
manner,  divergence  from  positive  electricity  is  obtained.    The  effect 
is  so  feeble  with  a  single  pair  of  plates,  as  to  be  scarcely  apprecia- 
ble ;  but  with  a  battery  of  many  pairs  it  is  very  distinct,  though  nev- 
er powerful.    The  condition  of  a  battery  which  gives  the  greatest 
divergency  to  an  electrometer  is  that  of  numerous  plates;  small 
plates  an  inch  square  being  just  as  effectual  as  large  ones. 

306.  A  Leyden  jar  may  be  charged  from  either  wire  of  an  un-  i^yden  jar 
broken  circuit,  provided  the  battery  be  in  a  state  to  supply  a  large  charged  •, 
quantity  of  electricity  of  high  tension,  as  when  formed  of  numerous 
four-inch  plates  excited  by  dilute  acid.    When  the  wires  from  such  shock. 

i  battery  are  brought  near  each  other,  a  spark  is  seen  to  pass  be- 
tween them ;  and  on  establishing  the  communication  by  means  of 
the  hands,  previously  moistened,  a  distinct  shock  is  perceived.  On 
sending  the  current  through  fine  metallic  wires  or  slender  pieces  of 
plumbago  or  compact  charcoal,  these  conductors  become  intensely 
heated,  the  wires  even  of  the  most  refractory  metals  are  fused,  and 
a  vivid  white  light  appears  at  the  points  of  the  charcoal.  If  the  com-  RTm  on 
raunication  be  established  by  metallic  leaves,  the  metals  burn  with  m«lal,> 
vivid  scintillations.  Gold-leaf  bums  with  a  white  light,  tinged  with 
blue,  and  yields  a  dark  brown  oxide  ;  and  the  light  emitted  by  silver 
is  exceedingly  brilliant,  and  of  an  emerald-green  colour.  Copper 
emits  a  bluish-white  light  attended  with  red  sparks,  lead  a  beauti- 
ful purple  light,  and  zinc  a  brilliant  white  light  inclining  to  blue,  and 
fringed  with  red.  (Singer.) 

307.  The  phenomena  seem  to  arise  from  the  current  passing 
along  these  substances  with  difficulty ;  a  circumstance  which,  as 
they  are  perfect  conductors,  can  only  happen  when  the  quantity  to 
be  transmitted  is  out  of  proportion  to  the  extent  of  surface  over 
which  it  has  to  pass.  It  is,  therefore,  an  object  to  excite  as  large  a 
quantity  of  electricity  in  a  given  time  as  possible,  and  for  this  pur- 
pose a  few  large  plates  answer  better  than  a  great  many  small  ones. 
A  strong  acid  solution  should  also  be  used  ;  since  energetic  action, 
though  of  short  continuance,  is  more  important  than  a  moderate  one 
of  greater  permanence.  A  mixture  of  ten  or  twelve  parts  of  water 
to  one  of  nitric  acid  is  applicable ;  or,  for  the  sake  of  economy,  a 
mixture  of  one  part  of  nitric  to  two  parts  of  sulphuric  acid  may  be 
substituted  for  pure  nitric  acid. 

308.  Most  of  the  effects  of  galvanism  are  so  similar  to*  those  of  the  identity  of 
electrical  machine,  that  it  is  impossible  to  witness  and  compare  both 
series  of  phenomena  without  ascribing  them  to  the  same  agent. 
The  question  of  identity  early  occupied  the  attention  of  Wollaston, 
who  made  some  very  beautiful  and  conclusive  experiments  to  prove 
that  the  chemical  effects  of  galvanism  may  be  characteristically  pro- 
duced by  a  current  from  the  electrical  machine.*  The  subject  has 
been  examined  anew  by  Faraday,  who  has  subjected  the  effects  of 
electricity  and  galvanism  to  a  minute  and  critical  comparison :  he 
has  obtained  ample  proof  of  the  decomposing  power  of  an  electric 

*  Phil.  Tram.  1801. 


Digitized  by  Google 


96 


Electricity —  Voltaic. 


Chap.  i. 


Chemical 
action  of 
galvanism 

Water  de- 


Other  com 
pounds. 


Dary's  ex- 
periment*. 


current  from  an  electrical  machine,  both  by  repeating  the  experi- 
ments of  Wollaston  and  devising  new  ones  of  his  own.  These  re- 
searches have  led  to  a  remarkable  contrast  between  the  quantity  of 
.electricity  concerned  in  the  production  of  voltaic  and  ordinary  elec- 
trical phenomena.  Faraday  states,  that  the  quantity  of  electric  fluid 
employed  in  decomposing  a  single  grain  of  water  is  equal  to  that  of 
a  very  powerful  flash  of  lightning. 

309.  The  chemical  agency  of  the  voltaic  apparatus,  to  which 
chemists  are  indebted  for  their  most  powerful  instrument  of  analysis, 
was  discovered  by  Carlisle  and  Nicholson.  The  substance  first  de- 
composed by  it  was  water.  When  two  gold  or  platinum  wires  are 
connected  with  the  opposite  ends  of  a  battery,  and  their  free  extremi- 
ties are  plunged  into  the  same  portion  of  water,  (Fig.  79,*)  but  with- 
out touching  each  other,  hydrogen  gas  is  disengaged  at  the  nega- 
tive and  oxygen  at  the  positive  wire.  By  collecting  the  gases  in 
separate  tubes  as  they  escape,  (Fig.  Sit)  they  are  found  to  be  quite 
pure,  and  in  the  exact  ratio  of  two  measures  of  hydrogen  to  one  of 
oxygen.  When  wires  of  a  more  oxidable  metal  are  employed,  the 
result  is  somewhat  different.  The  hydrogen  gas  appears  as  usual 
at  the  negative  wire ;  but  the  oxygen,  instead  of  escaping,  combines 
with  the  metal,  and  converts  it  into  an  oxide. 

310.  This  important  discovery  led  many  able  experimenters  to 
make  similar  trials.  Other  compound  bodies,  such  a3  acids  and 
salts,  were  exposed  to  the  action  of  galvanism,  and  all  of  them  were 
decomposed  without  exception,  one  of  their  elements  appearing  at 
one  side  of  the  battery,  and  the  other  at  its  opposite  extremity.  An 
exact  uniformity  in  the  circumstances  attending  the  decomposition 
was  also  remarked.  Thus,  in  decomposing  water  or  other  com- 
pounds, the  same  kind  of  body  was  always  disengaged  at  the  same 
side  of  the  battery.  The  metals,  inflammable  substances  in  general, 
the  alkalies,  earths,  and  the  oxides  of  the  common  metals,  were 
found  at  the  negative  wire  ;  while  oxygen,  chlorine,  and  the  acids, 
went  over  to  the  positive  surface. 

311.  Davy  observed  that  if  the  conducting  wires  were  plunged 
into  separate  vessels  of  water,  made  to  communicate  by  some  moist 
fibres  of  cotton  or  amianthus,  the  two  gases  were  still  disengaged  in 


♦Pig.  79.  Slows  the  method  of  decomposing  water  in  a  glass  tube,   t  Fig  81. 
Apparatus  for  collecting  the  gases  in  separate  tubes  ;  the  tubes  h  o,  are  filled  with 
Fig. 79.  Fif.  80.  Fig.  81 


n 


water,  and  inverted  in  the  globular  vessel  d,  also  containing  water :  the  tubes  pass 
through  holes  in  a  wooden  cover  ;  n  p,  arc  platinum  wirea  passing  through  the  globe 
to  connect  with  the  voltaic  apparatus.  Fig.  80.  Similar  arrangement  for  -" 
the  mixed  gases. 
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their  usual  order,  the  hydrogen  in  one  vessel,  and  the  oxygen  in  the  s«a.  v. 
other,  just  as  if  the  wires  had  been  immersed  into  the  same  portion 
of  that  liquid.  This  singular  fact,  and  another  of  the  like  kind  ob- 
served by  Hisinger  and  Berzelius,  induced  him  to  operate  in  the 
same  way  with  other  compounds,  and  thus  gave  rise  to  his  celebra- 
ted researches  on  the  transfer  of  chemical  substances  from  one  ves- 
sel to  another.* 

la  these  experiments  two  agate  cups,  n  and  p,  were  em-  pjg.  ea.  Exp. 

ploved,  the  first  communicating  with  the  negative,  the  second   

with  the  positive  wire  of  the  battery,  and  connected  together  a 
by  moistened  amianthus.    On  putting  a  solution  of  sulphate  of    \  I  /  HTl 
potataa  or  soda  into  n,  and  distilled  water  into  p,  the  acid     \  /         \  / 
very  toon  passed  over  to  the  latter,  while  the  liquid  in  the  *~T/  IT* 
former,  which  was  at  first  neutral,  hecatuo  distinctly  alkaline.      1/  .  .  U 
The  process  was  reversed  by  placing  the  saline  solution  in  p,  and  the  distilled 
wit.  r  in  r,  when  the  alkali  went  over  to  the  negative  cup,  leaving  free  acid  in 
the  other. 

That  the  acid  in  the  first  experiment,  and  the  alkaline  base  in 
the  second,  actually  passed  along  the  amianthus,  was  obvious  ;  for 
on  one  occasion,  when  nitrate  of  oxide  of  silver  was  substituted  for 
the  sulphate  of  potassa,  the  amianthus  leading  to  n  was  coaled  wilh 
a  film  of  metal.  A  similar  transfer  was  effected  by  putting  distil- 
led water  into  n  and  p,  and  a  saline  solution  in  a  third  cup  placed 
between  the  two  others,  and  connected  with  each  by  moistened  ami- 
anthus. In  a  short  time  the  acid  of  the  salt  appeared  in  ]>,  and  the 
alkali  in  n.  It  was  in  pursuing  these  researches  that  Davy  made 
his  great  discovery  of  the  decomposition  of  the  alkalies  and  earths, 
which  til!  then  had  been  regarded  as  elementary. t  X 

312.  Such  is  a  statement  of  the  principal  phenomena  of  electro- 
chemical decomposition  according  to  the  earlier  experiments.  The 
facts  then  observed  were  received  as  established  truths  of  science. 
Bat  Faraday,  in  his  revision  of  this  part  of  the  science,  has  not 
only  added  much  new  matter,  but  proved  that  several  points,  which  Faraday's 
were  considered  as  fundamental  maxims,  are  erroneous.  Before  de-  researches, 
scribing  his  results,  however,  it  is  necessary  to  define  the  new  terms 
which  he  has  had  occasion  to  introduce.  In  order  to  decompose  a 
compound,  it  is  necessary  that  it  should  be  liquid,  and  that  an  elec- 
tric current  should  pass  through  it,  an  object  easily  effected  by  dip- 


•  PkiL  Trans.  1807.       t  Ibib.  1806. 
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X  IV  transfer  of  acid  and  alkali  may  be  shown  by  the  fol-  F'g.  a- 

ksnaf  arrangement:  Fill  the  glass  tubes  a  a,  Fig-  83, 
vines  are  closed  at  top  and  open  at  bottom,  with  infusion 
of  violets,  or  purple  cabbage,  and  invert  them  in  the  basins 
*t,  contain  ins?  a  solution  of  Cslaut>er's  salt,  and  connected 
by  the  glass  tube  c,  also  containing  the  solution  ;  p  and 
n  are  platinum  wires,  which  pass  into  the  tubes  nearly  lo 
the  bottom,  and  which  are  to  be  connected  with  the  positive 
sad  aegalive  extremities  of  the  Voltaic  apparatus.  It  will 
bl  found  that  i>x\i?vn  U  t:\uived  ;U  the  wiru  />,  un.l  hydrogen 
at  a,  derived  from  the  decomposition  of  the  water.  The 
Giather'a  salt,  which  consists  of  sulphuric  acid  and  soda, 
sill  also  be  decomposed:  and  the  blue  liquor  will  be  ren- 
taW  red  in  the  positive  vessel,  by  the  accumulation  of  sul- 
furic and,  ana  green  in  the  negative,  by  the  soda,  while 
tat  tad  and  alkali  will  each  traverse  the  lube  c  without 

in  consequence  of  t>eing  under  the  influence  of  electrical  attraction. 
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chap,  i.  ping  into  the  liquid  the  ends  of  the  metallic  wires  which  communi- 
cate with  the  voltaic  circle.    These  extremities  of  the  wires  are 
commonly  termed  poles,  from  a  notion  of  their  exerting  attractive 
and  repulsive  energies  towards  the  elements  of  the  decomposing 
liquid,  just  as  the  poles  of  a  magnet  act  towards  iron;  and  each  is 
further  distinguished  by  the  term  positive  or  negative,  according  as 
it  affects  an  electrometer  with  positive  or  negative  electricity.  Fara- 
day contends  that  these  poles  have  not  any  attractive  or  repulsive 
energy,  and  act  simply  as  a  path  or  door  to  the  current  :  he  hence 
New  terms,  calls  them  electrodes,  from  tiUxtqov,  and  d<Jo;,a  way.   The  electrodes 
are  the  surfaces,  whether  of  air,  water,  metal,  or  any  other  sub- 
stance, which  serve  to  convey  an  electric  current  into  and  from  the 
liquid  to  be  decomposed.    The  surfaces  of  this  liquid  which  are  in 
immediate  contact  with  the  electrodes,  and  where  the  elements  make 
Anode  and  their  appearance,  are  termed  anode  and  cathode  from  6\vu,  upwards, 
Cathode.    an(j        tne        fn  wnicn  the  sun  rises,  and  xara,  doumwards,  the 
way  in  which  the  sun  sets.    The  anode  is  where  the  positive  cur- 
rent is  supposed  to  enter,  and  the  cathode  where  it  quits,  the  de- 
composing liquid,  its  direction,  when  the  electrodes  are  placed  east 
and  west,  corresponding  with  that  of  the  positive  current  which  is 
Electro-     thought  to  circulate  on  the  surface  of  the  earth.    To  electrolyze  a 
]yze.        compound,  is  to  decompose  it  by  the  direct  action  of  galvanism,  its 
name  being  formed  from  nXexrgor  and  lixu,  to  unloose,  or  set  free  ; 
and  an  electrolyte  is  a  compound  which  may  be  electrolyzed.  The 
elements  of  an  electrolyte  are  called  ions,  from  tov,  going,  neuter 
participle  of  the  verb  to  go.    Anions  are  the  ions  which  appear  at 
the  anode,  and  are  usually  termed  the  electro-negative  ingredients 
of  a  compound, such  as  oxygen,  chlorine,  and  acids;  and  the  electro- 
positive substances,  hydrogen,  metals,  alkalies,  which  appear  at  the 
cathode,  are  cations.    Whatever  may  be  thought  of  the  necessity 
for  some  of  these  terms,  the  words  electrode,  electrolyze,  and  electro- 
lyte, are  peculiarly  appropriate. 
Faraday's      313.  The  principal  facts  determined  by  Faraday,  may  be  arrang- 
resulti.      ed  under  the  following  propositions  : — 

All  com        l.  All  compounds,  contrary  to  what  has  been  hitherto  supposed, 
electro-001  are  not  electrolytes,  that  is,  are  not  directly  decomposable  by  an 
lytes.       electric  current.    But  in  making  this  assertion  it  is  necessary  to 
distinguish  between  primary  and  secondary  decomposition.  Thus 
water  is  an  electrolyte,  its  hydrogen  being  delivered  up  at  the  nega- 
tive and  its  oxygen  at  the  positive  electrode.    Nitric  acid  is  not  an 
electrolyte,  on  subjecting  it  to  voltaic  action,  the  water  of  the  solution 
is  electrolyzed,  and  its  hydrogen  arriving  at  the  negative  electrode 
decomposes  the  nitric  acid,  water  being  there  reproduced  and  ni- 
•eSSib'  trous  ac^  formed.    Very  numerous  secondary  actions  are  occasion- 
ed in  this  way,  because  the  disunited  elements  are  presented  in  a 
nascent  form,  which  is  peculiarly  favourable  to  chemical  action.  By 
slow  secondary  actions,  effected  by  very  feeble  currents,  Becquerel, 
Crosse,  and  others,  have  procured  several  crystalline  compounds  ana- 
logous to  minerals.* 

2.  Most  of  the  salts  which  have  been  examined  are  resolvable  into 


*  See  notice  of  Crosse's  experiments  in  Sixth  Report  of  British  Association,  p.  47. 
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acid  and  oxide,  apparently  without  reference  to  their  proportions.  Sacu  v. 
But  in  compounds  of  two  elements,  the  ratio  of  combination  has  an 
influence  which  has  hitherto  been  wholly  overlooked.  No  two  ele- 
ments appear  capable  of  forming  more  than  one  electrolyte.  Sub- 
stances which  consist  of  a  single  equivalent  of  one  element  and  two 
or  more  equivalents  of  some  other  element,  are  not  electrolytes: 
this  is  the  reason  why  sulphuric  and  nitric  acid  and  ammonia  do 
not  yield  primarily  to' voltaic  action.  This  principle  bids  fair  to  be- 
come very  important  in  determining  which  of  several  compounds  of 
two  elements  contain  single  equivalents,  (116  note.)  Water,  which 
is  remarkable  for  its  easy  decomposition,  may  hence  be  inferred  to 
be  a  true  binary  compound. 

3.  It  has  been  ascertained  that  most  of  the  elements  are  ions,  and  Most  ele- 
it  is  probable  that  all  of  them  are  so  ;  but  there  are  several  which  Pcnl8  are 
have  not  yet  been  proved  to  be  so.  lona" 

4.  A  single  ton,  that  is,  one  ion  not  in  combination  with  another,  Character 
has  no  tendency  to  pass  to  either  of  the  electrodes,  and  is  quite  in- fytkaction. 
d  liferent  to  the  passing  current,  unless  it  be  itself  a  compound  ion, 

aod  therefore  electrolyzable.  The  character  of  true  electrolytic  ac- 
tion consists  in  the  separation  of  ions,  one  passing  to  one  electrode 
and  another  to  the  opposite  electrode,  and  appearing  there  at  the 
same  instant,  unless  the  appearance  of  one  or  both  be  prevented  by 
some  secondary  action. 

5.  There  is  no  such  thing  as  a  transfer  of  tow  in  the  sense  usual-  No  transfer 
If  understood.    In  order  that  the  elements  of  decomposed  water ofioM- 
should  appear  at  the  opposite  electrodes,  there  must  be  water  be- 
tween the  electrodes  ;  and  for  the  similar  separation  of  sulphuric 

acid  and  sodn,  there  must  be  a  line  of  particles  of  sulphate  of  soda 
eitending  from  one  electrode  to  the  other. 

6.  Faraday  has  proved  that  even  air  may  serve  as  an  electrode.  Air  may  t» 
A  current  from  the  prime  conductor  of  an  electrical  machine  was  a°JJIcc' 
raade  to  pass  from  a  needle's  point  through  air  to  a  pointed  piece  of trode* 
litmus  paper  moistened  with  sulphate  of  soda,  and  then  to  issue 

from  a  similarly  moistened  point  of  turmeric  paper.  True  electroly- 
tic action  took  place,  the  litmus  becoming  red  and  the  turmeric  paper 
brown,  though  both  extremities  of  the  decomposing  solution  commu- 
nicated solely  with  a  stratum  of  air. 

7.  Electro-chemical  decomposition  cannot  occur  unless  an  elec- Electro- 
trie  current  is  actually  transmitted  through  it ;  or,  in  other  terms,  an  J^^J00" 
electrolyte  is  always  a  conductor  of  electricity.    Water,  which  con-  uc  r** 
ducts  an  electric  current,  ceases  to  do  so  when  it  passes  into  ice,  and 

then  also  resists  decomposition — an  observation  equally  true  of  all 
electrolytes  in  becoming  solid. 

8.  Chemical  compounds  differ  in  the  electrical  force  required  for  Force  re- 
decomposition.  d^com10 

9.  The  conduction  of  the  electric  currents  within  the  cells  of  a  ^cmv*"* 


circle  depends  on  chemical  decomposition  equally  with  that  lytes  only, 
between  platinum  electrodes.    No  substance  not  an  electrolyte  can  *"tte. 
serve  to  excite  a  voUaic  apparatus,  and  for  the  passage  of  electricity 
from  plate  to  plate  through  the  intervening  solution,  the  separation 
of  «ubstances  previously  combined  in  the  required  ratio  is  essential. 

314.  In  experiments  on  decomposition  the  course  of  the  electricity  JjjJJJJJ^ 
ihould  be  facilitated  by  employing  large  electrodes  and  wires,  and  be  i 
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ch*p.  I.  placing  them  at  a  short  distance  from  each  other  in  a  good  conduct- 
in  cxperi-  ing  solution.  It  is  important,  also,  that  all  the  cells  of  a  circle  be 
menu  on   excited  with  a  liquid  of  the  same  strength.* 

ton0™1*'"'     315*  In  a  vollaic  circle  in  which 

no  zinc  is  oxidized  but  what  con- 
tributes to  excite  an  electric  current,  the  quantity  of  zinc  dissolved  in 
a  given  time  from  each  plate  is  in  a  constant  ratio,  not  only  to  the  hy- 
drogen gas  evolved  from  the  corresponding  copper  plate,  but  to  the  hy- 
drogen set  free  at  the  negative  electrode.  The  ratio  is  such,  that  32.3 
parts  of  zinc  are  dissolved  during  the  evolution  of  1  part  of  hydrogen 
Electro-  gas  ;  and  the  conclusion  which  Faraday  has  drawn  from  this  and 
chemical  numerous  similar  experiments  is,  that  the  quantity  of  electricity  set 
SStZT"  m  motion  by  the  oxidation  of  32.3  grains  of  zinc  exactly  suffices  for 
resolving  9  grains  of  water  into  its  elements.  If  the  same  current, 
by  means  of  4  pairs  of  electrodes,  be  made  to  decompose  water,  chlo- 
ride of  silver,  chloride  of  lead,  and  chloride  of  tin,  all  in  the  liquid 
state,  the  quantities  of  hydrogen,  silver,  lead,  and  tin  eliminated  at 
the  4  negative  electrodes  will  be  in  the  ratio  of  1,  108,  103.6,  and 
57.9 ;  while,  at  one  positive  electrode,  oxygen,  and  at  the  three 
others  chlorine,  in  the  ratio  of  8  to  36.4,  are  separated.  It  thus  dis- 
tinctly appears — and  it  is  a  new  and  important  discovery — that  elec- 
tro-chemical decomposition  is  perfectly  definite,  a  given  quantity  of 
electricity  evolving  the  ingredients  of  compound  bodies  in  well  de- 
fined and  invariable  proportions,  to  which  Faraday  has  given  the 
name  of  electro-chemical  equivalents.  The  reader  will  at  once  see 
that  these  numbers  are  identical  with  the  chemical  equivalents  (see 
table).  Another  connexion,  then,  closer  than  any  before  traced,  is 
established  between  electricity  and  chemical  attraction,  showing  a 
mutual  dependence  and  similarity  of  effect  between  two  agencies, 
such  as  almost  forces  a  belief  in  their  identity.  T.  106. 
Quantity  of  316.  The  definite  nature  of  electro-chemical  action,  suggested  to 
electricity  Faraday  a  ready  mode  of  estimating  the  quantity  of  electricity  circu- 
eiumat  •  jatjng  m  a  vo]tajc  apparatus.  The  instrument  is  contrived  to  collect 
the  gases  evolved  from  acidulated  water  during  a  given  interval, 
in  a  tube  divided  into  equal  measures,  which  then  expresses  de- 
grees of  electricity,  just  as  the  expansion  of  a  liquid  in  a  thermom- 
eter indicates  degrees  of  temperature.  The  instrument,  as  con- 
structed for  this  object,  is  called  by  Faraday  a  volta-electrometer. 
Various  forms  of  it  have  been  described  by  him,  according  as  it  is 
wished  to  collect  oxygen  or  hydrogen  separately  or  both  together.t 

*A  mixture  of  a  proper  strength  for  galvanic  troughs,  is  obtained  by  adding  two 
parts  in  bulk  of  oil  of  vitriol  and  one  part  of  common  nitric  acid  to  pjg  gj. 
100  parts  of  water,  the  whole  being  well  stirred  together  until  well 
mixed.  Its  power  should  l»c  tested  before  it  is  poured  into  the 
troughs,  by  dipping  a  clean  piece  of  zinc  into  a  little  of  it  in  a  glass, 
and  observing  the  degree  of  action.  A  stream  of  bubbles  snoula 
be  disengaged,  so  small  that  their  size  can  hardly  be  determined  by 
the  naked  eye.  If  the  action  be  strong,  and  bubbles  of  a  considera- 
ble size  are  evolved,  more  water  should  be  added.  For  full  direc- 
tions for  operating  with  voltaic  apparatus,  sec  Faraday's  Chcm. 
Ma  nip.  445. 

t  Sec  Faraday's  papers  in  Pkilos.  7Von*.  (seventh  series),  1834, 

686.  One  of  the  most  convenient  forms  is  represented  by  Fig.  84. 
is  composed  of  three  pieces,  a  wooden  support,  a  glass  tube, 
and  chamber.  The  two  latter  are  fitted  with  brass  collars  screw- 
ing into  each  other.  The  tube  is  13|  inches  long,  and  6-  6ths  of  an 
inch  in  diameter,  open  at  bottom,  closed  at  top,  ana  divided  into  cu- 

he  c  h  8  in t*t?  r  n  *i  Jt  loch^ft  1  v\  ti  1  <\ t  \ \  p  tcr  &  t  t  t! 
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317.  The  most  celebrated  attempt  to  explain  the  phenomena  of  *ecu  v. 
palvanism,  was  made  by  Davy  in  his  essay  on  Some  Chemical  Ageii-  Theories  of 
cits  of  Electricity  (Phil.  Trans.  1S07),  by  means  of  an  hypothesis  •J*ciro- 
which  has  received  the  appellation  of  the  electro-chemical  theory.  He  jec"mpo,i- 
considered  that  a  certain  electric  condition,  either  positive  or  nega-  tion, 
live,  is  natural  to  the  atoms  or  combining  molecules  of  bodies  ;  that 
chemical  union  is  the  result  of  electrical  attraction  taking  place  be- 
tween oppositely  excited  atoms,  and  that  ordinary  chemical  decom- 
position arises  from  two  combined  atoms  being  drawn  asunder  by  the 
electric  energies  of  other  atoms  more  potent  than  those  by  which 
they  were  united.    Davy  regarded  the  metallic  terminations  or  poles 
of  a  voltaic  circle  as  two  centres  of  electrical  power,  each  acting  re- 
pulsively to  particles  in  the  same  electric  state  as  itself,  and  by  at- 
traction on  those  which  were  oppositely  excited.    The  necessary 
result  was,  that  if  the  electric  energy  of  the  battery  exceeded  that  by 
which  the  elements  of  any  compound  subject  to  its  action  were  held 
together,  decomposition  followed,  and  each  element  was  transferred 
bodily  to  the  pole  by  which  it  was  attracted.    Substances  which  ap- 
peared at  the  positive  pole,  such  as  oxygen,  chlorine,  and  acids,  were 
termed  electro-negative  substances  ;  and  those  electro-positive  bodies, 
which  were  separated  at  the  negative  polo. 

31S.  Faraday  contends  that,  between  the  electrodes  and  acting  in  Faraday't. 
right  lines,  there  is  an  axis  of  power  which  urges  the  electro-negative 
element  of  an  electrolyte  in  the  direction  the  positive  current  moves, 
an  j  gives  an  opposite  impulse  to  the  electro-positive  element.  He 
adopts  the  opinion  of  Grotthuss,  that  the  decomposing  influence  is 
not  exerted  on  any  single  particle  of  the  electrolyte,  but  that  rows  of 
particles  lying  between  the  electrodes  are  equally  subject  to  its  ac- 
tion. When  a  particle  of  oxygen  is  evolved  at  the  positive  electrode, 
the  hydrogen  with  which  it  had  been  combined  unites  with  the  oxy- 
gen of  a  contiguous  particle  of  water,  on  the  side  towards  which  the 
positive  current  is  moving  ;  the  second  particle  of  hydrogen  decom- 
poses a  portion  of  water  still  nearer  to  the  negative  electrode ;  and 
the  same  process  of  decomposition  and  reproduction  of  water  con- 
tinues until  it  reaches  the  water  in  immediate  contact  with  the  nega- 
tive electrode,  the  hydrogen  of  which  is  disengaged.  This  operation, 
described  as  commencing  at  one  electrode,  takes  place  simultane- 
ously at  both :  a  row  of  particles  of  oxygen  suddenly  lose  their 
affinity  for  the  hydrogen  situated  on  the  side  next  the  negative  elec- 
trode, in  favour  of  those  respectively  adjacent  to  each  on  the  other 
aide;  while  the  affinity  of  a  similar  row  of  particles  of  hydrogen  is 
diminished  for  the  oxygen  on  the  side  of  the  positive  electrode,  and  is 


base  tod  4|  in  height.  Through  a  short  cylinder  of  wood,  cemented  into  the  bottom  of 
i'.c  <  himU-r,  pa  si  WW  plmmum  wires,  prolonged  hj  larg»  r  wires  that  dip  into  a  small 
caanlity  of  quicksilver  in  a  canty  in  the  centre  of the  wooden  support ;  the  cavity  it 
oiTideu  by  a  partition,  and  each  wire  communicates  with  a  separate  portion  of  the  quick- 
silver: wires  pass  to  small  brass  cups,  on  the  support,  to  contain  quicksilver;  thus  the 
connexion  with  any  apparatus  is  readily  made.  When  prepared  for  use.  the  chamber  ia 
to  >«  filled  to  al'o  it  three  fourths  with  dilute  sulphuric  acid  of  specific  gravity  1 .336,  or 
from  that  to  specific  gravity  1.26.  The  tube  is  then  filled  with  the  same  liquid,  and  a 
piece  of  clean  paper  of  a  size  to  cover  the  open  end,  is  pressed  upon  it.  The  tub?  enn 
now  be  inverted  and  introduced,  the  paper  withdrawn  by  a  glass  rod,  and  ili^  tub* 
screwed  on.  The  conuexion  is  now  marie,  the  evolved  gases  rise  to  the  upper  part  of 
the  tube,  and  their  volumes  are  ascertained  by  inspection.  This  form  of  the  appara- 
ta»  is  so  improvement  on  that  of  Fig.  9,  in  the  paper  above  referred  to. 
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ch»p  n.  increased  for  those  on  their  opposite  side.  Hence,  for  the  elimina- 
tion of  the  elements  of  an  electrolyte  at  the  electrode,  it  is  essential 
that  the  electrolyte  itself  should  occupy  the  space  between  the  elec- 
trodes,  and  be  in  contact  with  them.  The  theory,  however,  is  at 
present  incomplete. 

Magnetic       319.  The  power  of  lightning  in  destroying  and  reversing  the 

ealTj9  0f  P°^es  °^  a  ma£net»  ana"  in  communicating  magnetic  properties  to 
ga  Tjmam.  pjeceg  0f  jron  wnjcn  did  not  previously  possess  them,  was  noticed  at 

an  early  period  of  the  science  of  electricity,  and  led  to  the  supposi- 
tion that  similar  effects  may  be  produced  by  the  common  electrical 
and  voltaic  apparatus.  Attempts  were  made  to  communicate  the 
magnetic  virtue  by  means  of  electricity  and  galvanism  ;  but  no  re- 
sults of  importance  were  obtained  till  the  winter  of  1819,  when 
Oersted  of  Copenhagen  made  his  famous  discovery,  which  forms  the 
basis  of  a  new  branch  of  science.* 

The  fact  observed  by  Oersted  was,  that  the  metallic  wire  of  a 
closed  voltaic  circle,  and  the  same  is  true  of  charcoal,  saline  fluids, 
and  any  conducting  medium  which  forms  part  of  a  closed  circle, 
causes  a  magnetic  needle  placed  near  it  to  deviate  from  its  natural 
position,  and  assume  a  new  one,  the  direction  of  which  depends  upon 
the  relative  position  of  the  needle  and  the  wire.t 

320.  In  1832  Forbes  succeeded  in  obtaining  a  spark  from  a  magnet 
without  the  aid  of  galvanism,  and  various  methods  have  since  been  con- 
trived. By  causing  the  armature  of  soft  iron  to  revolve  with  rapidity 
in  front  of  the  poles  of  a  powerful  magnet,  very  remarkable  results 
have  been  obtained.  The  voltaic  currents  Are  induced  in  one  direc- 
tion as  the  armature  approaches  the  magnetic  poles,  and  are  reversed 
as  it  quits  them  ;  so  that  the  currents  change  their  direction  twice  in 
each  revolution.  On  all  these  occasions  the  source  of  the  electneity 
is  the  same,  being  always  induced  in  the  silked  wire  or- helix  with 
which  the  armature  is  covered;  it  has  all  the  characters  of  a  voltaic 
current.  It  produces  brilliant  sparks,  renders  platinum  wire  red  hot, 
and  gives  a  strong  shock.  It  readily  explodes  gunpowder,  and  a 
mixture  of  oxygen  and  hydrogen  gases.  It  decomposes  water  ra- 
pidly ;  and  though  from  the  rapid  reversal  in  the  direction  of  the 
currents,  both  gases  are  given  off  at  the  same  wire,  Pixii  succeeded 
in  collecting  them  separately.!    {An.  de  Ch.  et  de  Ph.  li.  72.) 


CHAPTER  II. 
Section  I.  Nomenclature. 


321.  The  names  formerly  applied  to  chemical  substances,  were 
names.  0ften  fanciful  anj  even  absurd,  but  in  1787  a  new  nomenclature  was 
framed  by  the  celebrated  French  chemists  Lavoisier,  Berthollet, 

*  Ann.  of  Philoa.  xvi.  273. 

+  On  this  subject,  whic  h  belongs  more  to  physics  than  chemistry,  see  the  able  outline 

in  Turner's  Elements,  p.  109. 

t  For  figures  and  description  of  magnetic  electrical  apparatus,  see  Amer.  Jow- 
xxxiii-  p.  213,  and  uxir.  p.  368. 
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Morveau,  and  Fourcroy.J    Such  names  as  had  been  already  given  I. 
to  the  known  elementary  substances,  and  the  more  familiar  com- 
pounds were  retained.    To  the  newly  discovered  elements,  names 
were  given  expressive  of  some  striking  property.    To  the  beautiful 
element,  to  which  the  property  of  imparting  acidity  was  believed  ex-  ^ *ncc^et 
datively  to  belong,  the  name  oxygen  was  given,  from  the  Greek  menctature. 
o£v;  acid,  and  ye*vciv  to  generate  :  to  inflammable  air,  which,  with 
oxygen  composes  water,  the  name  hydrogen  was  given,  from  vdo>o 
water,  and  yiwetv.    New  elementary  substances  have  since  been 
named  on  the  same  principle,  as  the  green  gas  chlorine  from  /Xwoot 
green  ;  iodine  from  its  violet  colour,  'IuJjjs  violet,  ice. 

322.  The  act  of  combining  with  oxygen  was  called  oxidation,  and  Oxidation, 
bodies  which  had  united  with  it  were  said  to  be  oxidized.  Com- 
pounds, of  which  oxygen  forms  a  part,  were  called  acids  or  oxides,  Acids  and 
according  as  they  do  or  do  not  possess  acidity.    An  oxide  of  copper  oxldes 

or  iron  signified  a  combination  of  those  metals  with  oxygen,  which 
had  no  acid  properties.  The  termination  ide  was  also  applied  to  simi- 
lir  combinations  of  chlorine,  iodine,  &c,  thus  we  have  chlorides, 
wdides,  <£c 

323.  The  combinations  of  the  simple  non-metallic  substances,  ei-  Urets. 
ther  with  one  another,  with  a  metal,  or  with  a  metallic  oxide,  were 
denoted  by  the  termination  urct.    Thus  ndphuret  and  carburet  of 

iron,  signify  compounds  of  sulphur  and  carbon  with  iron.    The  dif-  Oxide* how 
ferent  oxides  or  sulphurets  of  the  same  substance  were  distinguished  JjjSjL 
from  one  another  by  some  epithet,  which  was  commonly  derived 
from  the  colour  of  the  compound,  as  black  and  red  oxides  of  iron, 
bbek  and  red  sulphurets  of  mercury.  Though  this  practice  is  still  con- 
tinued occasionally,  it  is  now  more  customary  to  distinguish  degrees 
of  oxidation  by  the  use  of  derivatives  from  the  Greek  or  Latin. 
Thus  the  protoxide  of  a  metal  denotes  the  compound  containing  the 
minimum  of  oxygen,  or  the  first  oxide  which  the  metal  is  known  to 
form,  binox'idc  the  second,  ter  or  /r/Voxide  the  third  ;  and  when  per- 
oiide  is  employed,  it  denotes  the  highest  degree  of  oxidation.    The  Sesquiox- 
Latin  word  scsqui,  one  and  a  half,  is  used  as  an  affix  to  an  oxide, 
the  oxygen  in  which  is  to  that  in  the  first  oxide  as  li  to  1,  or  as  3  to 
2.    The  sulphurets,  carburets,  Ace,  of  the  same  substance  are  desig- 
nated in  a  similar  way. 

324.  The  name  of  an  acid  was  derived  from  the  substance  ncidi-Adds. 
6ed  by  the  oxygen,  to  which  was  added  the  termination  in  ic.  Thus 
sulphuric  and  carbonic  acids,  signify  acid  compounds  of  sulphur  and 
carbon  with  oxygen.  If  sulphur  or  any  other  body  should  form  two 
acids,  that  which  contains  the  least  quantity  of  oxygen  is  made  to 
terminate  in  ous,  as  sulphuroiz*  acid. 

325.  Compounds  consisting  of  acids  in  combination  with  metallic  S*119- 
oxides,  or  any  alkaline  bases,  were  termed  salts,  the  names  of  which 
were  so  contrived  as  to  indicate  the  substances  contained  in  them. 

If  the  acidified  substance  contained  a  maximum  of  oxygen,  the  name 
of  the  salt  terminated  in  ate  ;  if  a  minimum,  the  termination  in  ite 
was  employed.  Thus  the  sulpha/c,  phospha/c,  and  arsenia/e  of  po- 
tassa,  are  salts  of  sulphuric,  phosphoric,  and  arsenic  acids  ;  while 


*  For  interesting  biographies  of  these  eminent  men,  see  Thomsons  UUtory  qf 
kfttutry,  sol.  U. 
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the  terms  sulphite,  phosphite,  and  arsenite  of  potassa,  denote  combi- 
nations of  that  alkali  with  the  sulphurous,  phosphorous,  and  arseni- 
cs acids. 

326.  After  the  discovery  of  the  laws  of  chemical  combination,  the 
nomenclature  was  much  improved.  What  were  before  called  neutral 
salts,  from  the  acid  and  alkali  being  in  such  proportions  as  to  neu- 

ze  each  other,  super-suits  from  the  prevalence  of  acid,  and  sub- 
sails  from  the  excess  of  alkali,  were  named  from  their  atomic  consti- 
tution. If  the  salt  is  a  compound  of  one  proportion  of  the  acid  and 
the  alkali,  the  generic  name  of  the  salt  is  employed  without  any 
other  addition  ;  but  if  two  or  more  proportions  of  the  acid  are 
attached  to  one  of  the  base,  or  two  or  more  of  the  base  to  one  of 
the  acid,  a  numeral  is  prefixed  so  as  to  indicate  its  composition. 
The  two  salts  of  sulphuric  acid  and  potassa  are  called  sulphate 
and  oisulphate  ;  the  first  containing  an  equivalent  of  the  acid 
and  the  alkali,  and  the  second  salt,  two  of  the  former  to  one 
of  the  latter.  The  three  salts  of  oxalic  acid  and  potassa  are 
termed  the  oxalate,  ainoxalate,  and  quadroxalate  of  potassa  ;  because 
one  equivalent  of  the  alkali  is  united  with  one  equivalent  of  acid 
in  the  first,  with  two  in  the  second,  and  with  four  in  the  third  salt.* 

327.  The  views  of  chemists  in  regard  to  acids,  alkalies,  and  salts, 
have  been  much  extended.  Several  of  the  metals  form  acids  with 
oxygen,  and  others  alkalies.  The  acids  and  alkalies  give  rise  to 
compounds  more  complex  than  themselves,  containing  at  least  three 
elements,  and  these  are  known  by  the  name  of  salts  ;  most  of  them 
unite  in  definite  proportions  with  certain  substances,  and,  with  other 
salts,  forming  double  salts.  Chemists  are  now  inclined  to  consider  as 
acids  all  compounds  which  unite  with  potassa  or  ammonia,  and  give 
rise  to  bodies  similar  in  constitution  and  general  character  to  the  salts 
which  the  sulphuric  or  some  admitted  acid  forms  with  those  alkalies. 

328.  The  characters  of  alkalies  are  exhibited  most  perfectly  in 
potassa  and  soda;  they  are  causticity,  a  peculiar  pungent  taste,  alka- 
line reaction  with  test  paper,  and  power  of  neutralizing  acids,  and 
especially  of  forming  with  them  neutral  saline  compounds.  Such 
are  called  alkaline  or  salifiable  bases,  which  unite  definitely  with  ad- 
mitted acids,  and  form  compounds  analogous  in  constitution  to  the 
salts  from  admitted  alkalies  and  acids. 

329.  The  salts  are  now  viewed  as  compounds  of  oxidized  bodies, 
both  the  acid  and  base  containing  oxygen.  Ammonia,  though  not 
an  oxide,  has  all  the  characters  of  an  alkali,  and  its  compounds  with 
acids  are  admitted  as  salts. 

330.  Salts  have  been  divided  by  Turner  into  four  orders,  viz.  1.  oxy- 
salts ;  2.  hydro-salts  ;  3.  sulphur-salts  ;  and  4.  haloid-salts.  In  the 
first,  the  acid  or  base  is  an  oxidized  body,  in  the  second  it  contains 
hydrogen,  in  the  third  the  electro-positive  or  negative  ingredient  is 
a  sulphuret,  and  in  the  fourth  it  is  haloidal. 

The  nomenclature  of  the  hydro  salts  is  framed  on  the  same  princi- 

*  As  the  numerals  which  denote  the  equivalents  of  the  acid  in  a  super  salt  are  de- 
rived from  the  Latin,  it  has  been  proposed  by  Thomson  to  employ  the  Greek  numerals 
dis,  tris,  tetrakis,  to  signify  the  equivalents  of  alkali  in  a  subsoil.  Turner  has  extended 
this  by  distinguishing  two  or  more  equivalents  of  the  negatively  electrical  element  by 
Latin  numeral*,  and  the  posiuve  element  by  Greek  numerals.  Thus  a  bichloride  de- 
notes a  compound  which  contains  two  equivalents  of  the  negative  element  chlorine ; 
and  bichloride  indicates  one  equivalent  of  chlorine  with  two  of  some  positive  body. 
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pics  as  those  applied  to  salts  which  contain  oxygen.    No  general  Suet,  i. 
principle  of  nomenclature  has  yet  been  agreed  upon  with  respect  to 
the  third  and  fourth  order.    Berzelius  has  extended  to  them  the 
same  nomenclature  which  he  employs  for  the  ox  y -sal  is. 

331.  The  haloid-*a\\&  of  Berzelius  (from  dig  sea-salt,  and  eWoc 
form)  are  those  which,  in  constitution,  are  analogous  to  sea-salt.  Jjf^ 
They  are,  for  the  most  part,  bi-eleraentary,  consisting  of  a  metal,  and 

of  chlorine,  iodine,  bromine,  fluorine  and  the  radicals  of  the  hydr- 
acids.*    The  haloid-salts  are  analogous  to  oxides  and  sulphurets.t 

332.  In  the  compounds  of  metallic  sulphurets  (double  sulphurets) 
Berzelius  has  found  an  exact  analogy  with  the  salts,  and  called  them 
sulphur-salts.    The  union  of  simple  sulphurets  forms  a  sulphur-sah  Sulphur 
analogous  in  constitution  to  acids  and  alkaline  bases,  and  which,  lilWjfefe 
them,  are  capable  of  assuming  oppose  electric  energies  in  relation  £«.  " 
to  each  other.     Electro-positive  sulphurets  are  termed  sulphur- 

bases,  and  are  usually  the  protosulphurets  of  electro-positive  me- 
tals, corresponding  to  the  alkaline  bases  of  those  metals.  Electro- 
negative sulphurets,  sulphur  acids,  are  the  sulphurets  of  electro- 
negative metals,  and  are  proportional  in  composition  to  the  acids 
which  the  same  metals  form  with  oxygen.  Hence  if  the  sulphur 
of  a  sulphur-salt  were  replaced  by  an  equivalent  of  oxygen,  an 
oiy-salt  would  result. 

333.  Most  salts  are  solid  at  common  temperatures  and  susceptible  chancier* 
of  crystallization  ;  they  vary  in  colour.    The  soluble  salts  are  more  of  salts. 

or  less  sapid,  the  insoluble  are  insipid ;  few  of  them  possess  odour. 
They  differ  in  their  affinity  for  water  (page  5),  and  in  solubility. 
Some  dissolve  in  leas  than  their  weight  of  water;  others  require  se- 
veral hundred  times  their  weight;  others  are  quite  insoluble;  this 
difference  depends  on  their  affinity  for  water,  and  on  their  cohesion; 
their  solubility  being  in  direct  ratio  with  the  first,  and  in  inverse  ratio 
with  the  second. 

334.  The  relative  degrees  of  affinity  of  salts  for  water  may  be  Affinity  of 
estimated  by  dissolving  equal  quantities  of  salts  in  equal  quantities  JJj||J  f" 
of  water,  and  heating  the  solution.    That  salt  which  has  the  great- twined, 
est  affinity  for  the  menstruum  will  retain  it  with  most  force,  and  will, 
therefore,  require  the  highest  temperature  for  boiling.* 

335.  The  term  gas  is  applied  to  those  elastic  fluids,  except  the  at- 
mosphere, which  retain  their  aeriform  state  at  common  temperatures, 
tad  which  cannot  be  made  to  change  their  form  unless  by  much 
greater  pressure  than  they  are  naturally  exposed  to.  They  differ 
from  vapours  in  the  relative  forces  with  which  they  resist  condensation. 


•The  metallic  chlorides,  iodides,  bromides,  and  fluorides,  the  cyanurets,  sulphocy- 
aaurru,  and  ferrocyanurets,  are  included  by  BerzeUus  among  the  haloid  sails.  (Ann. 
it  Oim.  ft  de  Phy:  xxxii.  60.) 


t  On  this  subject  consult  Turner's  Element;  404.  The  haloid  salts  of  Berzelius  are 
tac  haloid  acids  and  bases  of  Turoer,  and  the  double  haloid  salts  of  the  former  are 
ike  haloid  salts  of  the  latter  chemist 

t  Gay  Lnasac,  An.  de  Chim.  lxxxii. 
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Section  II.    Apparatus  and  Manipulation. 

Apparatus.  336.  For  performing  experiments  on  gases,  several  articles  of  apparatus  are  ne- 
cessary, consisting  nartly  of  vessels  fitied  for  containing  the  materials  that  afford 
them,  and  partly  or  vessels  adapted  to  the  reception  of  gases,  and  for  submittin| 
them  to  experiment. 

Oas  bottles.  For  procuring  such  gases  as  are  producible  without  a  very  strong  heat,  glass 
vessels,  furnished  with  ground  stoppers  and  bent  tubes  are  sufficient  Of  these, 
several  will  be  required  of  different  sizes  and  shapes.    A  Florence  flask,  with  a 


Apparatus 
for  gases, 

at? 

reu  neat. 


Fig.  85. 


Fig.  88. 


Fig.  87. 


cork  perforated  by  a  bent  glass  tube,  or  even  a  tin  pipe,  will  serve,  for  obtaining 
some  of  the  gases.  Those  gases  that  require  for  their  liberation  a  red  heat,  may 
be  procured  t>y  exposing  to  heat  the  substances  capable  of  affording  them,  in 
coated  earthen  retorts  or  tubes,*  or  in  a  gun  barrel,  the  touch-hole  of  which  has 
been  accurately  closed  by  an  iron  pin.  To  the  mouth  of  the  barrel  must  be  af- 
fixed  a  tube  bent  so  as  to  convey  the  gas  where  it  may  be  requisite. t 

A  very  convenient  apparatus  for  obtaining  such  gases  as  cannot  be  disengaged 
without  a  red  heat,  consists  of  a  cast-iron  retort  (Fig  89).  This  may  have  a 
jointed  metallic  conducting  tube  fitted  to  it  by  grinding  (Fig.  90).  It  is  repre- 
sented as  placed,  when  in  actaal  use,  within  the  bars  of  a  common  fire-grate,  B. 
(Fig.  102.)  The  wrought  iron  bottles  in  which  quicksilver  is  imported,  form  conve- 
nient .retorts  for  this  purpose,  a  gun  barrel  being  screwed  into  the  neck  of  the  bottle. 
Wheu  these  are  used  (as  for  obtaining  oxygen  gas),  the  fuel  should  be  charcoal  ; 
they  are  liable  to  melt  if  anthracite  coal  is  used. 


When  a  coating  must  sustain  a  very  high  temperature,  it  should  be  made  of  the 
Co*iiof  of  »tt-  best  Stourbridge  clay,  made  into  a  paste,  beaten  until  perfectly  elastic  and  uniform. 

A  portion  should  be  flattsnod  out  into  a  cake  of  the  required  thickness  and  size  adapt- 
ed to  the  vessel.  If  the  vetsel  he  a  retort  or  flask,  it  should  be  placed  in  the  middle 
of  the  cake,  and  tbe  edge  of  the  latter  be  raised  on  all  sides,  and  gradually  moulded 
and  applied  to  the  glass  ;  if  it  be  a  tube,  it  should  he  laid  upon  one  edge  of  tbe  plate, 
and  then  applied  by  slowly  rolling  the  lobe  forward.  In  all  cases  the  surface  to  be 
coated  should  be  rubbed  over  with  a  piece  of  the  lute  dipped  in  water,  for  the  purpose 
of  moistening,  and  leaving  a  little  of  \he  earth  upon  it;  and  if  any  part  of  tbe  surface 
becomes  dry  before  the  lute  is  applied,  h  should  be  remoistened.  The  lute  should  be 
pressed  and  rubbed  down  upon  the  glass,  successively,  from  the  part  where  the  contact 
was  first  made  to  the  edges,  until  all  air  babbles  are  excluded,  and  an  intimate  adhe- 
sion effected.  Care  must  be  taken  to  exclude  all  air  from  between  the  glass  and  lutt, 
and  the  edges  should  be  moistened,  made  thin,  and  joined  with  great  care.  The  ge- 
neral thickness  may  be  from  one  fourth  to  one  third  of  an  inch.  The  vessels  are  «f- 
terwards  to  be  placed  in  a  warm  situatioa  over  the  sand  hath,  or  in  the  sun's  rays: 
they  should  dry  slowly  and  regularly.  To  prevent  cracking,  horse  dung,  chopped  bay. 
horse  hair,  and  tow  cut  short  may  be  incorporated  with  the  lute.    The  addition  of 


impurities  must  not  be  so  employed*  For  various  kinds  onutes~and  ccments.  and [di- 
rections for  their  application,  &c.,  see  Faraday's  Chem.  Manip,  p.  467. 

t  Great  convenience  often  arises  from  prolonging  the  tube  by  means  of  Jttiible 
tubes  or  hoses  ;  and  any  num- 
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For  receiving  the  gases,  glass  jars  of  various  sizes  are  required,  some  of  which  Apparatus 
1  be  furnished  with  necks  at  the  top,  fitted  with  ground  stoppers,  or  to  for  receiv- 
a  circular  plate  of  brass  is  well  ground.    (Fig.  91  and  92  )  ing  gasei. 


Fig.  01. 


Fig.  93. 


Others  should  be  provided  with  brass  caps  and  screws  for  the  Fig.  93. 
reception  of  air  cocks.  (Fig  93.)  Of  these  air  cocks  several  will 

be  necessary,  and  to  some  of  them  bladders,  (Fig.  94,  a,)*  or  elas-  tmf^tz^ifrri 

transferring  4[H 


tic  bottles,  should  be  firmly  tied  for  the  purpose 


Pig.  95. 


Some  of  the  jars  should  be  graduated  into  cubical  inches,  (Fig  95,  a).  To 
contain  these  jars,  when  in  use,  a  vessel  will  be  accessary,  capable  of  holding 


*  A  bladder  may  be  made  to  continue  tight  for  a  considerable  period  by  pouring  a 
little  oil  into  it  at  first,  and  allowing  it  to  become  saturated.  Bladders  are  not  per- 
fectly light  to  gases,  and  are  less  so  when  dry  than  when  moist ;  consequently  gases 
sbou'd  not  be  retained  long  in  them,  and  never  longer  than  is  absolutely  necessary. 
Hydrogen  gas  passes  more  rapidly  through  them  than  any  other  gas. 

Gas  bags  are  made  of  oiled  silk,  or  of  two  layers  of  woven  material,  having  between 
them  a  thick  layer  of  caoutchouc.  Those  made  of  oiled  silk  are  seldom  tight,  and  ra- 
pidly increase  in  porosity.  F. 
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Chap,  n  a  ^ew  8a^ona  OI"  water.  This  is  best  made  of  copper,  (Fig  96,  6,)  if  of  con- 
 — -  sidcrable  size ;  or  if  small,  of  tin,  japanned  or  painted ;  //,  exhibits  a 


Fig.  96. 


Fig  07. 


Pneumatic 


.section  of  this  apparatus,  which  has  been  termed  the  pneumato-chemical  trough, 
cistern.    Its  size  may  vary  with  that  of  the  jars  employed  ;  and, 


Graduated 


ring  of 


or  pneumutic 


diould  have  a  shelf  on  which 


about  one  or  two  inches  from  the  top,  it 

the  jars  may  be  placed  when  filled  with  air,  without  the  risk  of  being  over- 
set.   In  this  sholf  should  be  a  few  small  holes,  to  which  inverted  funnels 
be  soldered.    Fig.  97  represents  a  very  convenient  Fig.  96. 

form  of  this  apparatus.  A  glass  tube,  Fig.  98,  about 
IS  inches  long  and  three  fourths  of  an  inch  in  diarn- 


(;i  i  I  i  :  I  n  i  i  .  f 


eter,  closed  at  one  end,  and  divided  into  cubic  inches  and  tenths  of  inches  will  be 
required  for  ascertaining  the  purity  of  air.    It  should  be  accompanied  with  a 
small  measure,  containing   about  two  cubic  inches,  and  similarly    Fig  99. 
graduated.    Glass  tubes  about  five  inches  long,  and  half  an  inch  ri 
wide,  divided  decimally,  are  also  necessary.  Besides  these, the  cxperi-     J  V 
mentalist  should  be  furnished  with  air  funnels,  (F%.  99).  for  transfer-   /  X 
ring  gases  from  wide  to  narrow  vessels.  '  ' 

337.  An  apparatus  almost  indispensable  in  experiments  on  this  class  of  bodies, 
is  a  Gasometer,  which  enables  the  chemist  to  collect  and  to  preserve  largo 
quantities  of  gas,  with  the  uid  of  only  a  few  pounds  of  water.  In  tho  form  of 
this  apparatus  there  is  considerable  variety  ;  its  general  construction  and  use  is 
as  follows.  It  consists  of  an  outer  fixed  vessel  </,  (Fig.  100),  Fig.  JOu. 

and  an  inner  movable  one  e,  both  of  copper  or  japanned 
iron.  The  latter  slides  easily  up  and  down  within  the  other, 
and  is  suspended  by  cords  passing  over  pullies,  to  which  are 
attached  the  counterpoises  e  e.  To  avoid  the  incumbrance 
of  a  great  weight  of  water,  the  outer  vessel  d  is  made  double, 
or  is  composed  of  two  cylinders,  the  inner  one  of  which  is 
closed  at  the  top  and  at  the  bottom.  The  space  of  only 
about  half  an  inch  is  left  between  the  two  cylinders,  as 
shown  by  the  dotted  lines.  In  this  spaco  the  vessel  c  may 
move  freely  up  and  down.  The  interval  is  filled  with  wa- 
ter as  high  as  the  top  of  tho  inner  cylinder.  The  cup,  or 
rim,  at  the  top  of  the  outer  vessel,  is  to  prevent  the  water 
from  overflowing,  when  the  vessel  c  is  forcibly  pressed 
down,  in  which  situation  it  is  placed,  whenever  gas  is  about 
to  be  collected.  The  gas  enters  from  the  vessel  in  which  it  is  produced,  by  the 
communicating  pipe  A,  and  passes  along  tho  perpendicular  pipe,  marked  by  dot- 
ted lines  in  the  contro,  into  the  cavity  of  the  vessel  c,  which  continues  rising  till 
it  is  full. 

338.  To  transfer  the  gas  or  to  apply  it  to  any  purpose,  the  cock  b  is  to  be  shut, 
and  an  empty  bladder,  or  bottle  <>f*  clastic  gum,  furnished  with  a  stop-cock,  to  be 
screwed  on,  a.    When  the  vessel  c  is  pressed  down  with  the  hand,  the  gas 

K asses  down  the  central  pipe,  which  it  had  before  ascended,  and  its  escape  at  b 
eing  prevented,  it  finds  its  way  up  a  pipe  which  is  fixed  to  the  outer  surface  of 
the  vessel,  and  which  is  terminated  by  the  cock  a.  By  means  of  an  ivory 
mouth-piece  screwed  upon  this  cock,  the  gas,  included  in  the  instrument, 
may  be  respired  ;  the  nostrils  being  closed  by  the  fingers.  When  it  is  re- 
quired to  transfer  the  gas  into  glass  jars  standing  inverted  in  water,  a  crook- 
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Fig.  102. 


ed  tube  may  be  employed,  one  end  of  which  \»  screwed  upon  the  cock  b;  while    Sect  II. 
the  oiher  aperture  is  brought  under  the  inverted  funnel,  fixed  into  the  shelf  of 
the  pneumatic  trough. 

33«J.  When  large  quantities  of  gas  are  required,  (ns  nt  a  public  lecture),  the 
gas-holder  (Fig.  101)  will  be  found  extremely  useful.  It  is  made       rig.  10).  Gas-holder, 
of  copper  or  unned  iron-plate,  japanned  both  within  and  with- 
out   Two  short  pipes,  a  and  c,  terminated  by  cocks,  proceed 
from  its  sides,  and  another,  b,  passes  through  the  middle  of  the 
top  or  cover,  to  which  it  is  soldered,  and  reaches  within  half  an 
iach  of  the  bottom.    It  will  be  found  convenient  also  to  have  an 
air  cock  with  a  very  wide  bore,  fixed  to  the  funnel  at  b.  When 
gas  is  to  be  transferred  into  this  vessel  from  the  gasometer,  the 
vessel  is  first  completely  filled  with  water  through  the  funnel, 
the  cock  a  being  left  open  and  c  shut.    By  means  of  a  horizon- 
tal pipe,  the  aperture  a  is  connected  with  a  of  the  gasometer. 
The  cock  b  being  shut,  a  and  c  are  open,  and  the.  vessel  c  of  the 
ftsometeT  (Fig  100),  gently  pressed  downwards  with  the  hand 
The  gas  then  descends  from  the  gasometer  till  the  air-holder  is 
full,  which  may  be  known  by  the  Water  ceasing  to  escape  through  the  cock  c. 
All  the  cocks  are  then  to  be  shut, 
and  the  vessels  disunited.    To  ap- 
ply this  gas  to  any  purpose,  an 
empty  bladder  may  be  screwed  on 
• ;  and  water  being  poured  through 
the  runnel  (>,  a  corresponding  quan- 
tity of  gas  is  forced  into  the  blad- 
der.  By  lengthening  the  pipe  A, 
tfae  pressure  of  a  column  ot  water 
may  be  added  :  and  the  gas,  being 
forced  through  a  with  considerable 
velocity,  may  be  applied  to  the 
purposes  of  a  blow-pipe,  &c.  &c. 
The  apparatus  admits  of  a  variety 
of  modifications.    The  most  useful 
one  appears  to  be  that  contrived  by 
Pepys,  consisting  chiefly  in  the  ad- 
dition of  a  shallow  cistern  (Fig. 
102,  e)  to  the  top  of  the  air-holder, 
and  of  a  glass  register  tube  /,  which 
shows  the  height  of  the  water,  and 
consequently  the  quantity  of  gas, 

in  the  vessel.  When  a  "jar  is  intended  to  be  filled  with  gas  from  the  reservoir, 
it  is  placed,  filled  with  water,  and  inverted  in  the  cistern  r.  The  cocks  1  and  2 
being  opened,  the  water  descends  through  the  pipe  attached  to  the  latter,  and 
the  gas  rises  through  the  pipe  e.  By  raising  the  cistern  a  to  a  greater  elevation, 
any  degree  of  pressure  may  be  obtained  ;  and  a  blow-pipe  may  be  screwed  on 
the  cock  at  the  left  side  of  the  vessel.* 

340.  A  very  convenient  apparatus  was  contrived  by  Hope,  for  receiving  and  r»  i_ 
■taring  large  quantities  of  gases  most  in  use,  from  which  a  supply  may  be  easily  ^s-ho'd  er 
procured  as  wanted.     It  consists  of  a  large  oil  of  vitriol  bottle  a,  or  carboy, 
(Fig  103. )  in  which  two  tubes  with  stop-cocks  are  fitted,  water  being  introduced 
and  forced  out  again  when  necessary  by  one,  and  gas  by  the  other.  In  the  figure  i 


*  It  is  necessary  to  he  aware  of  I  he  possible  entrance  of  common  air  with  the  water, 
•ven  when  there  is  considerable  depth  in  the  cistern.  When  the  pas  is  passing  ra- 
pidly out  at  the  lateral  stop-cock,  and  consequently  the  water  rapidly  descending 
through  the  tube,  it  will,  if  unattended  to,  frequently  acquire  a  rotary  motion,  which, 
from  mechanical  causes  easily  explained,  will  at  last  produce  an  aperture  commencing 
at  the  surface  of  the  water  and  descending  to  the  very  bottom  of  the  tube.  Down  this, 
air  is  rapidly  carried  by  the  descending  water,  which,  mixing  with  the  pas  in  the  in- 
Mroment,  deteriorates  it,  and  with  inflammable  gases  may  lead  to  dangerous  results. 
Heart  this  rotary  motion  when  observed,  should  be  disturbed.  The  formation  of  the 
central  channel  for  air  may  easily  be  prevented  by  allowing  a  large  bung  or  piece  of 
li?ht  wood  to  swim  on  the  surface  of  the  water.  If  rotation  does  take  place,  it  will 
draw  the  floating  mass  to  the  centre,  and  prevent  the  air  from  passing  rfowu  by  hin- 
dering the  formation  of  a  channel,  if  water  be  plentifully  supplied.    F.  362. 
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Fig.  103. 


Chap.  11.1  may  be  supposed  in  connexion  with  the  extremity  of  a  bent 
gun  barrel  fixed  in  an  iron  retort,  from  which  oxygen  is 
passing  To  prevent  accident  and  render  it  more  easily 
movable  when  full  of  water,  it  should  be  placed  in  a 
tub,  the  space  between  the  bottle  and  sides  as  well  as 
the  bottom  are  packed  with  saw  dust.  After  filling  it 
with  water,  a  bent  tuhe  is  connected  with  tho  gun  barrel 
by  a  flexible  lead  or  tin  pipe  two  or  three  feet  in  length. 
No  gas  is  allowed  to  pass  in  unless  pure,  the  stop-cock  at 
the  extremity  of  the  gun  barrel,  b%  being  kept  shut,  while 
the  other  one  c,  is  open.  The  gas  first  passing  over  can  be  collected  by  meant 
of  a  bent  tube  d  fitted  to  it,  in  a  small  jar  over  water,  so  that  its  purity  can  be 
tested.  When  it  is  thought  proper  to  commence  collecting  it,  the  stop-cock  e  it 
to  be  shut  and  the  other  6  opened.  As  the  gas  enters,  the  water  will  be  forced 
up  the  tube  seen  in  the  interior  of  the  bottle  continuous  with  the  stop-cock  t  at- 
tached to  the  cap  of  the  carboy ;  and  another  bent  tube  being  placed  over  it  i 
syphon  will  bo  formed,  through  which  the  water  will  continue  to  flow  as  the 
gas  enters.  By  using  a  large  quantity  of  materials  at  a  time,  several  bottles  may 
be  filled  successively  without  undoing  any  part  of  the  apparatus,  except  the 
leaden  pipe  that  connects  them  directly  with  the  gun  barrel  *,  one  bottle  may  be 
detached  and  another  attached  in  a  few  seconds.  If  wanted,  jars  of  gas  may  be 
collected  from  the  tube  d  in  the  pneumatic  trough. 

To  transfer  a  gas  from  this  apparatus,  detach  the  syphon,  placo  a 
tin  funnel  z,  (tig-  104,)  above  the  stop-cock  e, pour  in  water  and 
open  the  stop-cocks;  it  will  descend  and  force  the  gas  out  at  tho  stop- 
cock g,  to  which  a  flexible  pipe  may  be  attached.  In  the  samo 
manner  the  air  is  expelled  and  the  carboy  filled  with  water  before 
connecting  it  with  the  retort  furnishing  the  gas. 

341.  The  gasometers  already  described,  are  fitted  only  for  the 
reception  of  gases  that  are  confinable  by  water ;  because  quick- 
silver would  act  on  the  tinning  and  solder  of  the  vessels  ;  and 
would  not  only  be  spoiled  itself,  but  would  destroy  tho  apparatus, 
strumcnt  of  this  kind,  in  which  mercury  can  be  employed,  is  peculiarly  desira- 
ble, on  account  of  the  great  weight  of  that  fluid  ;  and  two  varieties  of  the  mer- 
curial gasometer  have  therefore  been  invented.  In  that  invented  by  Pcpys,  the 
cistern  for  the  mercury  is  of  cast  iron.  Newmann  has  joined  a  gasometer  of  tliis 
kind  to  an  improved  mercurial  trough,  by  means  of  which  the  advantage  of  both 
are  obtained  with  only  GO  or  70  pounds  of  quicksilver.*  Fig.  105. 


Transfer- 


Fit 
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twmann't 


*  It  is  not  more  than  18  inches  in  length  and  height;  and  it  is  placed  in  a  large  jap- 
panned  iray  to  collect  scattered  mercury. 


When  gas  is  to  be  collected  in  the 


gasometer, 


i  tic 


k  of  the  retort  is 


rig.  105. 


placed  below  the  surface  of  the  mercu- 
ry, in  the  cup  at  the  bottom  of  the  ap- 
paratus, and  having  a  bell  shaped  ves- 
sel immersed  in  the  mercury  imme- 
diately over  it.  The  trough  has  a 
cavity  in  the  middle,  large  enough  to 
fill  a  jar  10  inches  long,  and  2}  wide  ; 
and  there  is  a  shelf  on  each  side,  three 
inches  in  width,  to  support  vessels  con- 
taining gas-  Opposite  to  three  inden- 
tations on  the  edge  of  the  trough,  are 
three  holes  in  one  of  the  shelves,  into 
which  the  beaks  of  retorts  libera- 
ting gas  are  to  he  introduced;  or  a  sli- 
ding shelf  with  apertures  may  be  fit- 
ted across  the  cavity  for  the  same  pur- 
pose. The  gasometer  is  at  one  end, 
a,  and  sunk  below  the  level  of  the 
trough.  .It  is  capable  of  containing  SO 
cubic  inches.    A  tul>e,  connected  with 


the  gasometer  at  the  lower  part  is 

made  to  ascend,  and  passing  up  \  - — -  ,vu 
through  the  mercury  in  a  corner  of  the  trough,  nt  about  an  inch  above  it  '*n  .  n 
and  terminates  beneath  its  surface.    If  the  gas  is  contained  in  the  gasomeie  , 
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Furnace*. 

For  the  mere  exhibition  of  a  few  experiments,  a  Bmall  trough,  eleven  inchet 
long,  two  wide,  and  two  deep,  cut  out  of  a  solid  block  s>f  mahogany,  (or  soap- 
■tonej  is  sufficient 

342.  The'materials  from  which  some  gases  are  to  be  obtained,  require  the  aid 
of  a  high  temperature  and  a  suitable  furnace.  Various  kinds  of  furnaces  are 
required  by  the  chemist,  of  which  figures  and  descriptions  will  be  seen  in  Fara- 
davs  ChttnieaJ  Manipulation." 

For  many  processes  a  very  convenient  furnace  may  be  formed  out  of  the  large 
crucibles  known  as  blue  p«f#,  and  may  be  had  of  almost  every  sizo  less  than  the 
height  of  22  inches,  and  of  12  to  14  inches  diameter  at  the  top.  One  of  these 
vessels,  of  the  height  of  12  inches,  and  7  inches  wide  at  the  top,  will  make  a 
Terr  useful  furnace  for  the  igniting  of  a  small  crucible,  heating  a  tube,  or  small 
retort.  Fig.  107.  A  number  of  holes  are  pierced  in  it,  by  a  gim-  Fig  107. 
let  or  brad  awl,  and  enlarged  by  a  round  rasp.  The  pot  is  now  bound 
round  with  iron  or  copper  wire,  to  strengthen  and  hold  it  together 
when  it  cracks,  an  effect  which  is  sure  to  take  place  after  it  has  been 
•  few  times  heated.  This  wire  should  be  carried  round  in  three  differ- 
ent places,  and  secured  by  notches  mado  in  the  pot  with  the  edge  of 
irtfp,  and  the  ends  should  then  be  twisted  together.  It  is  also  con- 
venient to  have  a  handle  to  these  furnaces. 

A  movable  grate  like  that  figured  in  the  wood  cut,  makes  this  furnace  com- 
plete for  many  operations.  Fig.  108.  If  it  be  required  to  heat  a  crucible,  the 
grate  should  be  of  such  a  size  as  to  drop  into  the  furnace,  and  rest  between  the 
bottom  and  the  second  row  of  holes.    The  part  below  then  forms  the    pjg  jog. 
ash-pit  to  be  supplied  with  air  by  the  four  holes ;  and  the  part  above 
forms  the  body  of  the  furnace  to  receive  the  fire  and  the  crucible.  If 


a  shallow  fire  only  is  wanted,  as  in  the  process  of  distillation  or  the 
betting  of  tubes,  the  grate  should  be  of  such  size  as,  when  dropped 


my  be  transferred  to  air-jars  in  the  trough,  by  filling  them  with  mercury,  jr|K.io6 
phcing  them  over  the  end  of  the  hent  luhe,  and  giving  pressure  to  the  gasom- 
eter.  The  air  will  pass  from  it  along  the  tube  into  the  jar.  By  the  bend  in  b  & 
the  tube,  the  mercury  is  prevented  from  passing  into  the  lower  part  of  the 
gasometer,  while  at  the  same  time  the  era*-  is  allowed  a  free  passage.  All 
inconvenience  is  prevented  by  means  of  a  stop  cock,  which  shuts  off  the 
communication  between  the  receiver  and  the  trough,  preventing  at  the  same 
tune  the  escape  of  air  from  the  gasometer,  and  of  mercury  into  it.  A  sliding 
shelf  is  fixed  beneath  the  trough  to  support  a  spirit-lamp  under  a  retort,  or 
for  other  purposes.  A  detonating  tube  6,  (Fig  106)  and  spring  are  also  at- 
tached to  the  Apparatus  by  a  clamp  and  screws,  and  may  be  fixed  on  any  side  of 
the  trough.  The  whole  apparatus  is  of  iron,  excepting  sometimes  the  pillars 
which  support  it,  and  which  maybe  of  brass.    See  another  form  Fig.  110. 

*  A  work  which  should  be  in  the  possession  of  every  chemical  student.    A  furnace 
for  general  laboratory  use  which  has  been  found  powerful  and  convenient,  was  ong- 
Jly  constructed  for  the  Royal  Institution*  of  the  form  and  section  represented  in  the 
annexed  figures. 


tor  getter 
ktaltv  coi 

figures.  It  warms  and  airs  the  lahoratory,  h»'ats  water,  tube's,  gas  hottles,  a 
sand  hath,  &c.  The  principal  part  is  of  brick  work,  the  top  plate  A  B,  sand  hath,  plate 
oader  the  same  and  front  may  be  of  iron  or  soap  stone.  The  flue  is  carried  horizontally 

A 


onder  the  sand  haih,  and  a  warm  chamber  is  left  beneath,  which  is  closed  by  doors, 
u>  which  crucibles  or  other  vessels  may  he  kept  warm,  ready  for  introduction  into  the 
faroace,  and  slow  evaporations  be  carried  on.  The  circular  opening  in  front,  over 
the  fire  chamber,  is  adapted  to  receive  various  vessels,  by  means  of  concentric  iron 
nngs  of  various  diameters,  on  a  cast  iron  pot. 

•  Furnaces  of  this  kind  have  for  several  yearn  past,  been  in  use  in  the  laboratory  of  the  Univer- 
sity at  Cambridge,  and  in  that  of  the  Medical  College  in  Boston,  ant" 
for  all  purpose*.    For  minute  description  see  Faraday,  p  90. 


Ill 

II. 
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Fig.  110. 
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Chap.  II.  into  the  furnace,  to  descend  only  a  little  below  the  first  tier  of  holes,  the  ash-pit 

 '■ — —  having  two  tiers  of  holes  entering  it.    Half  a  dozen  of  these  small  grates  will 

be  required  in  the  laboratory,  for  the  purpose  of  fitting  at  different  times  into 
different  parts  of  the  same  furnace,  and  also  for  use  in  different  sized  furnaces  of 
the  kind  now  described. 

When  we  wish  to  diminish  the  intensity  of  the  fire,  the  holes  or  a  portion  of 
them  may  be  closed  with  soft  brick  or  clay  stoppers.     On  the  contrary, 
when  it  is  desirable  to  increase  the  temperature,  or  to  increase  the    Fig.  109. 
body  of  fuel,  additions  are  made  at  the  top  of  tho  furnace.  A  very 
useful  one  consists  of  the  upper  part  of  an  old  crucible  cut  off  so  as 
to  form  a  ring,  (Fig.  109,)  which  should  be  bound  round  with  wire, 
as  was  directed  in  regard  to  the  furnace. 

A  most  useful  accompaniment  to  these  small  portable  furnaces,  is 
a  piece  of  straight  funnel  pipe,  about  two  feet  long,  four  inches  in 
width,  and  opening  out  below  until  it  is  about  eight  inches  in  diame- 
ter. Fig  110.  This  will  easily  rest  upon  any  furnace  not  more  than  M 
eight  inches  nor  less  than  four  or  five  inches  wide  ;  is  quickly  put  V 
on  or  off;  stands  steadily  of  itself,  and  increases  tbe  draught  power-  Cr 
fully.  A  wooden  handle  may  be  attached  to  it  for  convenience  :  or 
without  it,  the  tongs  will  serve  to  remove  it.  It  may  either  be  taken 
off  when  the  fire  requires  to  be  made  up,  or  thepieces  of  charcoal 
may  be  dropped  in  from  above.  There  is  no  difficulty  in  raising  a 
crucible  two  inches  and  a  half  in  diameter  to  a  whito  heat,  by  a  furnace  of  this 
kind,  and  that  in  any  situation  which  may  be  convenient,  upou  the  tables  or  the 
floor,  and  with  all  the  advantage  of  arranging  or  dismounting  the  apparatus 
extreme  facility.* 

343.  A  useful  apparatus,  for  submitting  gases  to 
the  action  of  electricity,  is  shown  in  Fig.  Ill;  where 
a  represents  the  knob  of  the  prime  conductor  of 
an  electrical  machine ;  ft,  a  Leyden  jar,  the  ball  of 
city.  which  is  in  contact  with  it,  as  when  in  the  act  of 

charging;  and  r,  the  tube  standing  inverted  in 
mercury,  and  partly  filled  with  gas.  The  mercu- 
ry is  contained  in  a  strong  wooden  box  d,  to  which 
is  screwed  the  upright  iron  pillar  e,  with  a  sliding 
collar  for  securing  the  tube  c  in  a  perpendicular 
position.  When  tho  jar  t,  is  charged  to  a  certain 
intensity,  it  discharges  itself  between  tbe  knob  a 
and  the  small  balft,  which,  with  tho  wire  con- 
nected with  it,  may  be  occasionally  fitted  on  the  top  of  the  tube  c.  The  strength 
of  the  shocks  is  regulated  by  the  distance  between  a  and  t. 

By  the  same  apparatus,  or  the  tube,  Fig.  106,  inflammable  mixtures  of  gases 
may  be  exploded  by  electricity. 
Quantity  of    34'*-  The  proportion  of  gas  which  may  be  detonated  with  safety  in  s  glass 
ens  to  be     tUDe»  depends  considerably  upon  tho  explosive  power  of  the  (particular  mature 
detonated,   under  examination,  and  also  upon  the  quantity  detonated  at  once.    A  mixture  of 
oxygen  with  carbonic  oxide  expands,  when  inflamed,  with  much  less  force  than 
a  mixture  of  oxygen  with  hvdrogen  or  olefiant  gas  ;  and  a  largo  quantity  will  of 
course  expand  with  more  force  than  a  smaller.    But  besides  considering  tbe 
efficiency  of  the  tube  in  resisting  the  expansive  force,  occasioned  by  detonation, 
i  the  experimenter  has  also  so  to  proportion  the  guantity  of  gas,  that  whilst  ex- 

panding there  shall  be  abundant  space  in  the  tube  to  retain  the  products  under 
their  greatest  volume  and  agitation,  that  no  loss  may  occur.  No  more  gas  should 
be  introduced  into  a  tube  for  detonation  than  will  occupy  a  sixth  of  its  capacity 
at  common  temperatures,  and,  generally,  it  will  be  safer  and  advisable  to 
employ  much  less.  F.  433. 
Methods  of  345.  Previously  to  undertaking  experiments  on  the  gases,  it  may  bo  well  for 
transferring  an  unpractised  experimentalist  to  accustom  himself  to  the  dexterous  manage- 
ment of  gases,  by  transferring  common  air  from  one  vessel  to  another,  of  diner- 
ent  sizes. 

J.  When  a  glass  jar,  closed  at  one  end,  is  filled  with  water,  and  held  with  its 


*  Faraday  :  who  remarks  that  all  the  ignitings  and  heatings  which  belong  to  the 
analysis  or  siliceous  aud  other  minerals,  have  long  been  made  in  furnaces  of  this 
kind  at  the  Royal  Institution. 
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mouth  downwards,  in  however  small  a  quantity  of  water,  the  fluid  is  retained  jj.  - 

in  its  place  by  the  pressure  of  the  atmosphere  on  the  surface  of  the  exterior  "  — 

water.  Fill  in  this  manner,  and  invert,  on  the  shelf  of  the  pneumatic  trough, 
one  of  the  jars,  which  it  furnished  with  a  stopper  (Fig.  91,)  The  water  will 
remain  in  the  jar  so  long  as  the  stopper  is  closed  ;  but  immediately  on  removing 
it,  the  water  will  descend  to  the  same  level  within  as  without ;  for  it  is  now 
pressed,  equally  upwards  and  downwards,  by  the  atmosphere,  and  falls  therefore 
in  consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over  ono  of  the  funnels  of  _._^.4. 
the  shelf  of  the  pneumatic  trough.    Then  take  another  jar,  filled  (as  it  will  be  KJJSSL 
of  course)  with  atmospherical  air.    Place  the  latter  with  its  mouth  on  the  sur-  ,orPr*c  1 
face  of  the  water ;  and  on  pressing  it  in  the  same  position  below  the  surface,  the 
included  air  will  remain  in  its  situation.    Bring  the  mouth  of  the  jar  beneath  the 

fiianel  in  the  shelf,  and  incline  it  gradually.  The  air  will  now  rise  in  bub- 
bles, through  the  funnel,  into  the  upper  jar,  and  will  expel  the  water  from  it  into 
the  trough. 

3.  Let  one  of  the  jars,  provided  with  a  stop-cock  at  the  top,  be  placed  full  of 
air  on  the  shelf  of  the  trough.  Screw  upon  it  an  empty  bladder ;  open  the 
communication  between  the  inr  and  the  bladder,  and  press  the  former  into  the 
water,  (Fig.  94.)  The  air  will  then  pass  into  the  bladder,  till  it  is  filled  ;  and 
when  the  bladder  is  removed  from  the  jar,  and  a  pipe  screwed  upon  it,  tho  air 
oav  be  again  transferred  into  a  jar  inverted  in  water. 

4.  For  the  purpose  of  transferring  gases  from  a  wide  vessel  standing  over  wa- 
ter, into  a  small  tube  filled  with  aud  inverted  in  mercury,  the  following  contriv-  Caven- 
ance  of  Cavendish  may  be  used.    A  tube,  eight  or  ten  inches  long,  and  of  very  /*, 
small  diameter,  is  drawn  out  to  a  fino  bore,  and  bent  at  ono  end,  so  as  to  resem-  melno". 
ble  the  italic  lettor  I.    The  point  is  then  immersed  in  quicksilver,  which  is 

drawn  into  the  tube  till  it  is  filled,  by  the  action  of  the  mouth.  Placing  the  finger 
over  the  aperture  at  the  straight  end,  the  tube  is  next  conveyed  through  the  wa- 
ter, with  the  bent  end  uppermost,  into  an  inverted  jar  of  gas.  When  the  finger 
is  removed,  the  quicksilver  falls  from  the  tube  into  the  trough,  or  into  a  cup 
placed  t«  receive  it,  and  the  tube  is  filled  with  the  gas.  The  whole  of  the  quick- 
silver, however,  must  not  be  allowed  to  escape  .  but  a  column  must  be  left,  three 
or  four  inches  long,  and  must  be  kept  in  its  place  by  the  finger.  Remove  the 
tube  from  the  water;  let  an  assistant  dry  it  with  blotting  paper ;  and  introduce 
the  point  of  the  bent  end  into  the  aperture  of  the  tube  standing  over  quicksilver, 
(to  withdrawing  the  finger  from  that  aperture  which  is  now  uppermost,  the 
pn-ssure  of  the  column  of  quicksilver,  added  to  the  weight  of  the  atmosphere, 
will  force  the  gas  from  the  bent  lube  into  tho  one  standing  in  the  mercurial 
trough.* 

346.  For  the  transference  of  small  quantities  of  gas  from  one  vessel  to  another,  _      ,  . 
the  instrument  contrived  by  Pepys  is  convenient.    It  is  made  of  a  piece  of  glass  ,.epy8  V1" 
ube,  about  half  an  inch  in  diameter  and  fivo  inches  long,  attached        Fjg.  na  fnvtnins 
t»  a  piece  of  smaller  diameter,  which,  after  bending  as  in  Fig.  112,  q  ference.  " 
terminates  in  a  chamber  at  a,  which  being  cylindrical  for  the  f 
arcatrr  part  of  its  length,  terminates  in  a  capillary  tube  and  aper- 
ture.   A  small  piston,  rendered  air-tight  by  tow  and  tallow,  is 
fitted  into  the  cylindrical  tube  ;  it  is  moved  by  a  rod  and  ring,  the 
rod  passing  through  a  box  which  closes  the  upper  aperture  of  the 
instrument,  but  which  should  not  be  air-tight.    A  portion  of  mer- 
cury is  placed  above  the  piston,  the  space  between  it  and  the 
eapillarv  opening  of  the  chamber,  is  filled  with  the  same  metal 
when  the  piston  is  in  the  position  depicted.    Upon  raising  the  piston,  the  mer- 
carv  follows  it,  and  descends  into  the  chamber  «,  the  space  left  by  it  being  im- 
mediately filled  with  the  air  or  gas  which  has  access  to  tho  onpiflary  opening. 
The  rod  has  a  graduation  upon  it,  by  which  it  is  known  when  a  tenth  of  a 
cubical  inch  of  air  has  entered!  the  chamber.    F.  340. 

347.  The  manipulation  with  jars  and  glasses  is  comparatively  easy  to  that 
which  occurs  in  transference  from  them  to  tubes,  or  from  tubes  to  each  other.  Manipula- 
One  circumstance  with  tubes  which  occasions  difficulty,  in  addition  to  the  nar-  t,on  w»ln 
rowness  of  their  mouths,  is,  their  contracted  capacity  within,  by  which  the  easy  lubc*- 
 .  — — ,  ,  .  . 

•In  collecting  and  transferring  gases  over  quicksilver,  especially  where  the  quick- 
silver i«  impure  or  dirty,  the  gas  will  escape  on  the  outside  of  the  jar,  there  bein^  so 
little  adhesion  between  the  quicksilver  and  the  glass;  this,  I  have  found,  may  he 
partially  guarded  against  by  slightly  smearing  the  edge  of  the  jar  with  pomatum.  W. 
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Chap.  IL  passage  of  a  bubble  of  gas  upwards,  and  water  downwards,  at  the  same  time,  ii 
interfered  with  ;  this  effect  is  greatest  in  tubes  of  the  smallest  diameters.  No 
great  difficulty  will  ocrur  in  the  transference  of  gas 
from  a  tube  to  another  that  is  wider.  (Fig.  1 13.)  The 
second  tube  is  to  be  filled  in  the  usual  manner  with 
water,  and  held  in  the  well  of  the  trough,  in  a  consi- 
derably inclined  position  :  the  tube  containing  the  gas 
is  to  be  brought  near  it,  the  upper  edge  of  its  mouth 
inserted  as  it  were  into  the  mouth  of  the  first,  and  then 
its  position  slowly  altered,  until  the  gas  passing  to- 
wards the  mouth  be  gradually  delivered  in  distinct 
bubbles  into  the  first  tube.  During  this  transfer,  the  mouth  of  the  second  tube 
should  be  retained  as  much  as  possible  within  the  first ;  the  latter  should  not  be 
raised  to  a  perpendicular  position,  but  be  considerably  inclined,  for  then  the 
edges  of  its  mouth  meet  better  with,  and  are  adapted  to,  "those  of  the  second  lube, 
so  as  to  confine  the  gas,  and  the  uiotiou  of  the  bubbles  is  less  sudden  and  less 
subject  to  derangement.  Occasionally  it  is  advantageously  placed  in  almost  a 
horizontal  position,  its  closed  extremity  being  but  little  raised.  One  bubble  of 
gas  should  be  allowed  to  rise  to  some  height  in  the  tube  before  another  is  permit- 
ted to  follow. 

Transfer-  318.  When  the  delivering  tube  is  larger  than  the  receiving  tube,  more  care  i* 
ring  from  required  in  the  transfer.  The  first  tube  should  be  inclined  as  before,  and  the 
large  to  upper  edge  of  the  mouth  of  the  second  placed  within  it,  and  to  assist  in  uniting 
small  lubes,  ^  ^  were  the  two  tubes  for  the  moment,  the  finger  and  thumb  of  the  left  baud 
(which  holds  the  receiving  tube)  should  be  applied  at  the  sides  of  the  junction, » 
as  to  confine  the  gas  and  prevent  its  escape  laterally.  For  this  purpose,  and  ge- 
nerally in  tube  transference,  the  tube  is  best  held  in  the  hand,  with  its  open  ex- 
tremity passing  out  between  the  thumb  and  fore  finger,  so  that  when  sustained 
in  the'watcr  iu  an  inclined  position  the  back  of  the  bund  may  be  upwards,  the 
hand  being  as  it  were  over  the  vessel  ;  the  lube  is  then  easily  supported  by  the 
two  or  three  last  fingers  of  the  hand,  and  the  fore  finger  and  thumb  are  left  at 
liberty  to  guide  the  mouths  of  the  vessels  or  to  close  the  lateral  opening,  as  has 
been  just  described.  At  other  times  it  may  be  held  as  a  pen  is  retained  in  the 
hand,  the  mouth  being  confined  and  guided  between  the  thumb  and  two  fore 
fingers.  The  tubes  should  at  all  times  be  retained  by  a  light  and  easy,  though 
secure  hold,  and  not  in  a  stiff  rigid  manner,  and  the  arms  may  often  be  allowed 
to  rest  with  advantage  on  the  edge  of  the  trough,  whilst  the  bauds  are  immersed 
in  the  water. 

From  jars.  ^n  intermediate  lipped  glass  should  be  used  for  the  transference  of  pn 

from  a  large  jar  to  a  lube.  The  tube  being  filled  with  water  is  to  be  held  under 
the  surface  as  before  described  (347) ;  the  lip  is  to  be  introduced  into  it,  the  junc- 
tion made  by  the  fingers  if  necessary,  as  in  the  former  case,  and  the  gas  allowed 
to  pass  in  distinct  bubbles.  It  will  be  found  easier  to  transfer  from  a  glass  that 
is  from  a  third  to  five-sixths  full  of  gas,  than  from  one  containing  more  or  less. 
When  a  glass  is  nearly  empty,  it  is  often  exceedingly  difficult  to  transfer  fpjm  it 
into  a  narrow  tube.  Advantage  may  therefore  occasionally  be  taken  of  toe  cir- 
cumstance  above  mentioned,  to  replenish  the  glass  with  gas. 
Removing  350  Tubes  containing  gases  are  easily  transferred  from  one  trough  to  another, 
tubes  con-  or  to  other  situations,  merely  by  closing  their  mouths  with  the  finger  or  thumb, 
taining  gas.  and  carrying  them  to  tho  required  situation.  The  student  should  very  early  at- 
tain the  habit  of  closing  the  mouth  of  a  tube  bv  the  finger  with  facility  and  secu- 
rity. Tho  accurate  manipulation  of  gas  in  tubes,  so  that  none  shall  escape  and 
be  lost,  is  often  essential  in  experiments  of  research,  where  only  small  portions 
of  gas  are  evolved  for  examination  as  to  many  of  iu  properties.    F.  326. 

Section  III.    Methods  of  estimating  Specific  Gravities. 


Specific         351.  Water  has  been  fixed  upon  as  the  standard  of  comparison  in 
gravities,    specific  gravities;  and  its  specific  gravity  has  been  called  1. 

352.  In  all  experiments  for  ascertaining  the  specific  gravities  of  different  <n 
stances,  particularly  of  gases,  great  attention  must  be  paid  to  the  temperature, 
their  volume  varies  with  the  degree  of  heat  to  which  they  are  exposed. 


Digitized  by  Goo 


Specific  Gravity. 


115 


Specific 
prarity  of 
■olids, 


353.  To  find  the  specific  gravity  of  a  solid  body  heavier  than  water,— First,  Sect.  III. 
weigh  the  solid  in  air  .  then  weigh  it  in  water  by  a  hy- 
drostatic balance  in  the  manner  represented  in  Fig  114, 
using  a  very  fine  thread,  or  a  hair  to  suspend  it  from  the 
bottom  of  one  of  the  scales.  The  difference  in  tho 
results  will  express  the  weight  of  a  quantity  of  water 
equal  in  bulk  to  the  solid  whose  specific  gravity  is  to  be 
determined,  and  the  following  proportion  will  give  its 
specific  gravity  in  relation  to  water  :  As  the  weight  of 
the  water  equal  in  bulk  to  that  of  the  solid  is  to  the 
weight  of  the  solid  itself,  so  is  the  specific  gravity  of-  wa- 
ter to  the  specific  gravity  of  the  solid.  Thus, 

If  the  solid  weigh  100  grains  in  air,  and  GO  grains  in  wa- 
ter, then  100-60,  or  40:  100::  I:  2  5.  The  specific 
gravity  of  the  solid  is  therefore  2.5  compared  with  that  of  water. 

354.  If  the  solid  should  be  lighter  than  water,  a  more  complicated  process  will  Of  light 
be  necessary.  Attach  to  the  light  solid  bv  a  slender  thread  another  body  of  such  bodies, 
i  weight  that  when  tied  together  they  shall  sink  in  water,  having  previously 
weighed  the  heavier  solid  in  water,  arid  each  in  air;  then  weigh  them  together 
in  water,  and  from  the  difference  between  their  weight  in  water  and  their  weight 
in  air,  subtract  the  ditference  between  the  weight  of  the  heavy  solid  in  air  and 
its  weight  in  water;  the  remainder  will  show  the  weight  of  a  quantity  of  water 
equal  in  bulk  to  the  light  body,  and  we  can  then  find  its  specific  gravity  in  tho 
way  directed  above.  Thus, 

If  the  weight  in  air  of  the  light  solid  be  10  and  of  the  heavy  solid  20 ;  and  if  the 
weight  of  the  heavy  solid  in  water  be  18,  and  of  the  two  together  7, — then 


From  their  weight  in  air, 

Sub  tract  their  weight  in  water, 


20  4- 10  =  30 
7 


And  from  this  sub  tract  20— 18=  2        .       .  2 

The  remainder  .....  21 

the  weight  of  a  quantity  of  water  equal  in  bulk  to  the  light  solid,  and 


ing  proportion  will  give  us  its  specific  gravity, 
I  :  10  :  :  I.  :  0.47019,— the  specific  gravity  of  tho  lighten 


tiie  followi 

21  :  10  :  :  I.  :  0.47019,— the  specific  gravity  of  tho  lighter  solid. 

355.  Where  a  hydrostatic  balance  cannot  be  procured,  the  following  method 
nay  be  adopted  :  Weigh  the  solid  and  put  it  into  a  vessel  full  of  water,  the  Another 
weight  of  which  with  the  water  is  known ;  the  solid  will  displace  a  quantity  of  method, 
water  equal  in  bulk  to  its  own  ;  weigh  the  vessel  again,  having  cither  taken  out 

the  solid  body,  or  put  an  equal  weight  in  the  opposite  scale ;— the  difference  be- 
tween the  present  weight  of  tho  vessel  and  its  former  weight  will  express  the 
wiight  of  a  quantity  of  water  equal  in  bulk  to  the  solid  body,  from  which,  by 
the  same  proportion  ns  in  the  former  instances,  we  can  estimate  the  specific  gravity 
of  the  solid  body.  Thus,  if  the  vessel  when  full  of  water  weighed  1000,  and 
after  some  of  the  water  had  been  displaced  by  the  solid  body  and  the  solid  re- 
moved, or  a  counterpoise  placed  in  the  opposite  scale,  it  weighed  900  grains,— 
100  grains  of  water  were  displaced  by  the  solid  body — and  if  the  solid  body  in  air 
weighed  300  grains,  then  tho  following  proportion  will  give  its  specific  gravity  : 

100  :  300  :  :  1  :  3. 

356.  If  the  solid  body  be  soluble  in  water,  some  other  flnid,  as  oil,  alcohol, 
ether,  or  a  saturated  solution  of  the  substance  itself  must  be  used,  its  specific  gra-  or 
vitv  being  previously  ascertained.  We  must  first  find  the  specific  gravity  of  the  |>0cf7e»"" 
•olid,  consul  ering  the  fluid  used  as  a  standard  of  comparison,  and  making  the  ' 
number  representing  its  specific  gravity  the  third  term  in  the  proportion,  in  the 

same  manner  as  when  water  is  used  ;  and  then,  by  simple  proportion,  reduce 
the  product  to  the  standard  of  water.  Thus,  if  the  specific  gravity  of  the  fluid 
used  be  1.2,  and,  considering  it  as  a  standard  of  comparison,  the  specific  gravity 
of  the  solid  be  1.6,  then  the  following  proportion  will  give  us  its  real  specific 
fravity  : 

1.2:1.8::!.:  1.5. 

357.  When  the  substance,  the  specific  gravity  of  which  is  to  bo  ascertained,  is  Of  pow 
in  the  form  of  a  powder,  the  following  method,  recommended  by  Leslie,  will  ders, 
be  found  most  convenient.    (Fig.  115.)    Take  a  glass  tube  i /,  three  feet  in 
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Chap.  n.  length,  and  open  at  both  ends.  The  wide  part  b  c  is  to  be  about  Fig.  tlfc 
of  an  inch  in  diameter,  and  the  narrow  part  ef  about  -j^j,  com-  flO 
municating  with  each  other  bv  a  very  small  a|>erture  at  c,  which  » 
allows  air  to  pass,  but  is  sufficiently  small  to  prevent  any  powder 
from  going  through.  The  upper  opening  at  b  is  to  be  ground,  so  that 
it  can  be  accurately  closed  by  a  glass  plate  a.  The  substance  whose 
specific  gravity  ia  to  be  determined,  is  pnt  into  the  wide  part  of  the 
tube  6  c,  which  is  then  to  be  placed  in  a  wider  tube  containing  mer- 
cury g,  making  it  descend  till  the  fluid  metal  shall  have  reached  the  , 
aperture  at  c.  Then  fix  the  cover,  making  it  air-tight  with  a  very  fl 
small  quantity  of  lard,  and  lift  it  perpendicularly  out  of  the  mercury,  - 
till  the  aperture  at  e  shall  have  neon  raised  above  the  surface  of  the 
mercury  in  the  tube  to  a  height  exactly  equal  to  half  the  height  of  the  , 
barometer  at  tho  time  tho  experiment  is  made,  and  mark  the  point  at  J 
which  the  smaller  tube  is  cut  by  the  fluid,  which  we  shall  supj>o*e  in  the  present 
instance  to  be  d.  The  air  within  that  part  of  the  tube  in  which  the  powdi  r  nas 
been  placed  being  now  subjected  to  the  pressure  of  only  half  an  atmosphere,  it 
expands  to  double  it*  former  volume,  one  half  still  remaining  within  b  e,  while 
the  rest  occupies  c  d,  the  space  it  includes  representing  therefore  the  total  bulk  of 
air  included  at  first  along  with  the  powder  in  6  c  at  the  ordinary  pressure.  The 
powder  is  now  withdrawn,  and  the  process  repeated  with  b  e  full  of  air  only, 
when  it  is  obvious  that  the  mercury  will  not  stand  so  high  within  the  tube  r  /  as 
before,  and  supposing  it  to  rise  only  to  «,  then  the  space  c  t  will  contain  a  quan- 
tity of  expanded  air,  equal  in  bulk  exactly  to  what  would  be  contained  in  b  r  be- 
fore lifting  up  the  tube.  Since  c  e  then  represents  a  space  cxactlv  equal  to  that 
within  b  c,  and  c  d  a  sp^c  equal  to  the  volume  of  air  in  be  when  the  powder  w  ;u 
in  it,  then  de,  tho  difference  between  them,  shows  the  spasc  occupied  by  the 
powder  when  it  was  in  b  e.  In  this  manner,  then,  we  are  enabled  to  find  out  a 
spaue  cxactlv  equal  in  bulk  to  that  of  the  solid  matter  in  the  powder,  and  if  the 
stem  be  graduated  so  as  to  express  in  grains  the  quantity  of  water  which  it 
contain,  we  have  only  to  weigh  the  powder  in  air  and  compare  its  weight 
that  of  the  equal  bulk  of  water  to  ascertain  its  specific  gravity, 
on-  A  358.  Take  a  bottle  of  a  known  weight,  fill  it  with  distilled  water,  and  weigh 
Ol  liquids.  jt  carefully  ;  then  pour  out  the  water,  and  after  drying  the  bottle,  fill  it  with  the 
liquid  to  be  tried.  Tho  following  proportion  will  give  its  specific  gravity  :  As 
the  weight  of  the  distilled  water  is  to  the  weight  of  the  liquid,  so  is  1  to  the  spe- 
cific gravity  required.  Thus,  if  the  weight  of  the  distilled  water  be  300  grains, 
and  that  or  the  liquid  600,  tho  following  is  the  proportion  we  must  use  :  — 

300  :  600::  1.  :  2. 

The  areometer  is  a  convenient  instrument  for  ascertaining  tho  specific 
r.  gravities  of  liquids.  It  consists  of  a  long,  straight,  graduated  stem,  on  which 
numbers  arc  marked  at  the  point*  to  which  tho  instrument  sinks  in  liquids  of  the 
specific  gravities  marked  at  these  points.  Thus,  in  distilled  wnter  it  will  sink  to 
1,  and  in  nithr  acid  to  1.48.  It  is  made  of  different  materials  according  to  the 
nature  of  the  liquids  whose  specific  gravities  are  to  be  ascertained  with  it. 
.     .,  Lovi's  beads  are  also  veiy  useful  for  ascertaining  the  specific  gravities  of 

,ovi  s  liquids.  These  are  small  balls  made  of  glass,  with  numbers  marked  on  them  in- 
dicating the  specific  gravity  of  those  liquids  in  which  they  float  without  anv  ten- 
dency sillier  to  sink  or  rise  to  tho  top.  Those  that  float  on  tho  surface  "show 
that  the  liquid  has  a  greater  specific  gravity  than  the  number  marked  on  them 
expresses,  while  those  that  sink  indicate  the  reverse,  being  heavier  than  an  eoual 
bulk  of  the  fluid.  ^ 
Of  (iascs  Atmospheric  air  is  taken  as  a  standard  of  comparison  in  estimating  the 

specific  gravity  of  gases,  and  represented  by  tho  number  I.  Their  specific  gra- 
vities are  found  out  in  the  same  manner  as  those  of  other  substances,  vix  by 
comparing  the  weight  of  equal  bulks  of  them  and  of  the  substance  which  is  taken 
as  s  standard  of  comparison. 

For  this  purpose,  a  flask  provided  with  a  stop-cock  is  accurately  weighed  and 
attached  to  an  air-pump  or  exhausting  syringe,  which  is  worked  in  the  usual 
mannrr  ,  and,  when  the  gas  whose  specific  gravity  is  to  bo  tried  has  no  action  on 
atmospheric  air,  it  is  not  necessary  to  exhaust  it  to  a  verv  great  degree  The 
Hop-cork  filed  to  the  flask  is  then  turned,  when  it  is  weighed  again  to  ascertain 
the  quantity  of  air  extracted.  It  is  then  screwed  on  to  a  jar  (placed  over  a  pneu- 
matic trough)  containing  the  gas  whose  specific  gravity  is  to  be  determine*!, 
on  opening  the  ston-cock,  a  quantity  of  gas  is  forced  by  the  pressure  of  the  a 
phero  into  the  flask,  exactly  equal  in  bulk  to  the  air  which  nail  been  witbd. . 
if  the  jar  be  depressed  in  the  liquid  till  it  shall  be  level  both  within  and  without! 
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If  the  flask  be  then  detached  from  the  jar,  it  is  obvious  that  by  weighing  it  again    Sect-  III. 
we  ran  find  out  the  weight  of  a  measure  of  gas  exactly  equal  in  bulk  to  that  of 
die  air  whose  weight  was  found  out  by  the  first  operation. 

For  example,  if  the  flask  should  weigh  570  grains  when  full  of  air,  and  560 
after  the  exhaustion,  then  the  quantity  of  air  which  has  been  withdrawn  weighs 
10  grains. 

Weight  of  flask  with  air   570  grains. 

Weight  of  flank  after  exhaustion       .       .  .   660  do. 


t  of  air  withdrawn,  ...     10  do. 

And  if  it  shall  weigh  580  grains  after  admitting  an  equal  volume  of  the  gas 
specific  gravity  is  to  be  determined,  then  it  must  bo  twice  as  heavy,  or  its 
gravity  must\>e  twice  as  great  as  that  of  atmospheric  air. 

Weight  of  flask  with  gas   580  grains. 

Weight  of  flask  after  exhaustion,       ....   560  do. 


Weight  of  gas  introdueed  20  do. 

When  the  gas  whose  specific  gravity  is  to  be  ascertained  acts  chemically  on 
atmospheric  air,  the  latter  must  be  withdrawn  as  completely  as  possible  by  re- 
peated exhaustions,  filling  it  after  each  with  some  gas  which  is  not  affected  by 
the  other,  and  then  proceeding  in  the  usual  manner. 

360.  In  operating  with  gases,  it  is  also  necessary  to  attend  to  the  pressure  of 
the  atmosphere  as  indicated  by  the  barometer,  and  tho  quantity  of  watery 
vapour  which  they  may  contain.  Formula  have  been  given  for  making  correc- 
tions when  the  barometer  is  not  at  the  point  adopted  as  the  standard  of  compari- 
son, and  for  the  quantity  of  watery  vapour  which  the  gases  may  contain,  for 
which  see  Faraday's  Chem.  Muni  p.  375,  and  Turner,  48. 

361.  It  may  be  necessary,  to  remark,  that  when  the  specific 
gravity  of  a  gas  is  ascertained,  and  no  variation  in  the  pressure  of 

.the  atmosphere  of  any  consequence  takes  place  in  the  short  space  of 
time  necessary  for  this  purpose,  and  equal  bulks  of  air  and  the  gas 
whose  specific  gravity  is  to  be  found  out  having  been  weighed  in  this 
manner,  precisely  under  the  same  circumstances  with  respect  to 
pressure,  no  corrections  on  this  account  are  required.* 

?6'2.  Many  operations  upon  the  gases  may  be  performed  in  appa- Tube  appa- 
ratus formed  partly  or  altogether  of  glass  tube,  for  a  particular  de-ratus. 
senption  of  which,  the  precautions  to  be  attended  to  in  taking  specific 
gravities,  and  many  other  details,  the  student  is  referred  to  Faraday's 
Chemical  Manipulation. 

363.  The  experiments  of  Davy  and  Faraday  have  shown  that 
many  substances,  which  had  previously  been  known,  when  uncom- 
bined,  only  as  gases,  may  be  obtained  in  a  liquid  state  by  generating 
them  under  pressure. 

When  thus  compressed,  a  very  moderate  heat  is  sufficient  to  make  Liquefac- 
them  boil  ;  and  on  the  removal  of  pressure  they  re-assume  the  elas-iionof 
tic  form,  most  of  them  with  such  violence  as  to  cause  a  report  likegase8' 
■n  explosion,  and  others  with  the  appearance  of  brisk  ebullition. 
An  intense  degree  of  cold  is  produced  at  the  same  time,  in  conse- 
quence of  caloric  becoming  latent. 

The  process  for  condensing  the  gases  consists  in  exposing  them  Process. 

to  the  pressure  of  their  own  atmospheres. t 

The  materials  for  producing  them  are  put  into  a  Btrong  glass  tube  about  eight 
inches  long,  which  is  afterwards  sealed  hermetically  :  then,  being  softened  in  the 
flame  of  a  lamp,  at  about  five  inches  from  the  closed  end,  it  is  to  be  bent,  not 
tharply,  but  obtusely  and  roundly,  until  the  two  limbs  make  an  angle  of  about 
130°  or  140°.    The  gas  is  generated,  if  necessary,  by  tho  application  of  heat, 

*  Reid's  Elements  of  Pract.  Chem.  t  See  Carbonic  Acid. 
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required. 


Oxygen. 

and  when  the  pressure  hecomes  sufficiently  great,  the  liquid  forms  and  collects  in 
the  free  end  01  the  tube,  which  is  kept  cool  to  facilitate  the  condensation.* 

The  pressure  required  to  liquefy  the  gases  is  very  variable,  as  will 
appear  from  the  following  table  of  results  obtained  by  Faraday : 

Atmospheres. 

Sulphurous  acid  gas  .       ...       2       at  41  F. 
Sulphuretted  hydrogen  gas       .       .17       "  50° 
Carbonic  acid  "  .     36       "  32*> 


Chlorine 
Nitrous  oxide 
Cyanogen 
Ammoniacal 
Muriatic  acid 


u 
u 
u 
u 
it 


4 

50 
3,6 
6,5 

40 


«  60 
"  45° 

«  50° 
»  500 


CHAPTER  III. 

INORGANIC  CHEMISTRY. 
Section  I.  Oxygen. 

Symb.  Sp.  Gr.  Equiv. 

O  1.1024  air    =1  By  Vol.  50. 

16.00     Hyd.=t  "  Wgt.  8. 

Discovery.     364.  Oxygen  has  never  been  obtained  in  a  state  of  complete  sepa- 
ration.   In  the  state  of  gas,  it  was  discovered  in  1774  by  Priestley, 
who  gave  it  the  name  of  dephlogisticated  air.    It  was  called  Empy- 
real air,  by  Scheele,  and  Vital  air  by  Condorcet. 
Hc-wrob-       365.  It  may  be  obtained  from  various  substances.    1.  From  the* 
uined.     black  or  peroxide  of  manganese,  heated  to  redness  in  a  gun-barrel, 
or  in  an  iron  retort  (Fig  S9)  ;  or  from  the  same  oxide,  heated  by  a 
lamp  in  a  retort,  (Fig.  95,  c.)   or  gas  bottle,   (Fig.  87,)  with 
half  its  weight  of  strong  sulpuric  acid.    One  pound  of  manganese  is 
capable  of  furnishing  from  40  to  50  wine  pints  of  gas.    But  as  man- 
ganese is  ofien  contaminated  with  a  small  proportion  of  carbonate  of 
lime,  it  is  advisable,  before  using  it,  to  wash  it  with  hydrochloric 
acid  diluted  with  15  or  20  parts  of  water;  then  with  distilled  water; 
and  afterwards  to  dry  it  at  a  moderate  heat. 

To  understand  the  theory  of  these  processes,  it  is  necessary  to  bear 
in  mind  the  composition  of  the  three  following  oxides  of  manganese  : 

Manganese.  Oryfen. 

Protoxide       .       27.7  or  1  equiv.  -4-  "6  .      =35  7 

Sewjuioxido          27  7     .       .4-  12  .       =30  7 

Peroxide              27.7     .       .     -f-  16  =43  7 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  an  equivalent 
of  oxygen,  and  is  converted  into  the  sesquioxide.  Every  43.7  grains 
of  the  peroxide  will,  therefore,  lose,  if  quite  pure,  4  grains  of  oxygen, 
or  nearly  12  cubic  inches;  and  one  ounce  will  yield  about  12S  cubic 
inches  of  gas.  The  action  of  sulphuric  acid  is  different.  The  per- 
oxide loses  a  whole  equivalent  of  oxygen,  and  is  converted  into  prot- 
oxide, which  unites  with  the  acid,  forming  a  sulphate  of  the  protoxide 
of  manganese.  Every  43.7  grains  of  peroxide  must  consequently 
yield  S  grains  of  oxygen  and  35.7  of  protoxide,  which  by  uniting 
with  one  equivalent  (40.1)  of  the  acid,  forms  75.8  of  the  sulphate. 
The  first  of  these  processes  is  the  most  convenient  in  practice. 

*  These  experiments  are  dangerous  and  should  not  he  undertaken  without  attending 
to  the  directions  given  l>y  Faraday  in  Sect.  xvi.  Chem.  Manip. 
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2.  From  various  other  oxides,  ns  will  be  hereafter  mentioned.  ggg 

3.  From  nitrate  of  potassa  (common  saltpetre)  made  red-hot  in  a 
gun-barrel,  or  in  a  coated  earthen  retort. 

4.  From  the  salt  called  chlorate  of  potassa.    For  this  purpose,  the 

salt  should  be  put  into  a  retort  of  green  glass,  or  of  white  glass  made 

without  lead,  and  be  heated  nearly  to  redness.  It  first  becomes  liquid, 

though  quite  free  from  water,  and  then,  on  increase  of  heat,  is  wholly 

resolved  into  pure  oxygen  gas,  which  escapes  with  effervescence, 

ond  into  a  white  compound,  called  chloride  of  potassium,  which  is 

left  in  the  retort.    The  composition  of  the  chloric  acid  and  potassa 

which  constitute  the  salt,  is  staled  below ; — 

Chlorine       .       35  42  or  1  oq.  Potassium       .      39.15  or  1  eq 

Oxygen        •       10      or  5  eq.  Oxygen  8      or  1  eq. 

Chloric  acid         75  42  or  1  eq.  Potassa  .      47.15  or  1  eq. 

Hence  the  oxygen  which  passes  over  from  the  retort,  is  derived 
partly  from  the  potassa  and  partly  from  the  chloric  acid  ;  while  chlo- 
rine and  potassium  enter  into  combination.  Thus  are  122.57  grains 
of  the  chlorate  resolved  into  74.57  grains  of  chloride  of  potassium, 
and  -IS  grains,  or  about  161  cubic  inches,  of  pure  oxygen. 

366.  Oxygen  gas  is  insipid,  colourless,  and  inodorous.    It  is  so  Properties 
sparingly  absorbed  by  water,  that  when  agitated  in  contact  with  jt|°'oiy8cn 
no  perceptible  diminution  takes  place.    100  cubical  inches  at  mean  8a* 
temperature  and  pressure,  weigh  34.1S72  grains.    It  refracts  the  Effect  of 
rays  of  light  less  than  any  other  gas.    When  suddenly  and  strongly  JUf**" 
compressed,  heat  is  evolved,  and  a  luminous  appearance  observed 

from  the  combustion  of  the  oil  with  which  the  compressing  tube  is 
lubricated.* 

367.  It  is  a  powerful  supporter  of  respiration  and  combustion.  Supports 
No  animal  can  live  in  an  atmosphere  which  does  not  contain  a  cer-  re*P,rallon* 
lain  portion  of  uncombined  oxygen;  for  an  animal  soon  dies  if  put  Effect  on 
into  a  portion  of  air  from  which  the  oxygen  has  been  previously  re- 8 
moved  by  a  burning  body.    It  may,  therefore,  be  anticipated  that 
oxygen  is  consumed  during  respiration.    Respiration  and  combus- 
tion have  the  same  effect.    An  animal  cannot  live  in  an  atmosphere 
which  is  unable  to  support  combustion  ;  nor,  in  general,  ran  a  can- 
dle bum  in  air  which  contains  too  little  oxygen  for  respiration. 

Il  is  singular  that,  though  oxygen  is  necessary  to  respiration,  in  a 
state  of  purity  it  is  deleterious.  When  an  animal  is  supplied  with 
an  atmosphere  of  pure  oxygeu  gas,  no  inconvenience  is  at  first  per- 
ceived ;  but  after  the  interval  of  an  hour  or  more,  the  circulation  and 
respiration  become  very  rapid,  and  the  system  in  general  is  highly 
excited.  Symptoms  of  debility  subsequently  ensue,  followed  by 
insensibility  :  and  death  occurs  in  six,  ten,  or  twelve  hours.  On 
examination  after  death,  the  blood  is  found  highly  florid  in  every 
part  of  the  body,  and  the  heart  acts  strongly  even  after  the  breathing 
has  cea:>ed.t 

The  absorption  of  oxygen  gas  by  the  blood,  and  the  change  of 
colour  that  results,  may  be  shown  by  passing  up  a  little  dark  venous 
Wood  into  a  jar  filled  with  the  gas,  or  by  agitating  a  portion  in  a 
phial  tilled  with  it. 

♦Thctiard.  t  Bioughton. 
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chap,  m.  All  combustible  bodies  burn  in  oxygen  gas  with  greatly  increased 
Supports  splendour. 

combus-  A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  plunged  into  a  ve»- 
tion.  sel  of  this  gas*  burns  with  great  brilliancy  (Fig.  116.)  If  the  taper  be 

Exp.  blown  out,  and  let  down  into  a  vessel  of  the  gas  while  the  snuff  re- 

mains red  hot,  it  instantly  rekindles,  wi;h  a  slight  explosion. 

A  red-hot  bit  of  charcoal,  fastened  to  a  copper  wire,  and  immersed 
in  the  gas  throws  out  beautiful  sparks. 

S™o? **       The  ,ighl  of  PnosPhorus  burning  in  this  gas,  is  exceed- 

pbSspho-    ingly  bright. 

rus,  L«t  the  phosphorus  be  placed  in  a  small  hemispherical  tin  cup,  which  may  bo 

raised  by  means  of  a  wire  stand,  (Fig.  117,)  two  or  three  inches  above  the'aur- 
face  of  water  contained  in  a  broad  shallow  dish.  Fill  a  bell- 
shaped  receiver,  having  am  open  neck  at  the  top,  to  which  a 
stopper  is  ground,  with  oxygen  gas  ;  and  as  it  stands  inverted 
in  water,  press  a  circular  piece  of  pasteboard,  rather  exceeding 
the  jar  in  diameter,  over  its  mouth.  Cover  the  phosphorus 
instantly  with  the  jar  of  oxygen  gas,  retaining  the  pasteboard 
in  its  place,  till  the  iar  is  immediately  over  the  cup.  When 
this  has  been  skilfully  managed,  a  very  small  portion  only  of 
the  gas  will  escape.  The  stopper  may  now  be  removed,  when 
the  water  will  rise  to  the  same  level  within  as  without  the  jar,  and  the  phospho- 
rus may  be  kindled  bv  a  healed  copper  wire.* 

Substitute  for  the  phosphorus  a  small  ball  formed  of  turnings  of  zinc,  in  which 

Exp.  about  agruin  of  phosphorus  is  to  be  enclosed.    Set  fire  to  the  phosphorus  as  be- 

fore.   The  zinc  will  be  inflamed,  and  will  burn  with  a  beautiful  white  light.  A 

Of  zinc  and  similar  experiment  may  be  made  with  metallic  arsenic,  which  may  be  moistened 

other  met-  with  spirit  of  turpentine.    The  filings  of  various  metals  may  also  bo  inflamed,  by 

als,  placing  them  in  a  small  cavity,  formed  in  a  piece  of  charcoal,  igniting  the  char- 

coal, and  blowing,  on  the  part  containing  the  metal,  a  stream  of  oxygen  gas  from 
a  bladder,  or  the  gas-holder,  Fig.  102,  d. 

The  combustion  of  iron  or  steel  wire  in  this  gas  is  remarkably  brilliant.  The 
wire  best  suited  for  this  experiment  is  the  fine  guitar  wire  ;  it  should  be  doubled 

Ut  Iron.  several  times  so  as  to  form  a  bundle,  which  is  easily  done  by  passing  it  round 
two  nails  fixed  in  the  table  about  eighteen  inches  apart,  and  securing  the  bunch 
by  loosely  winding  the  last  turn  round  it.  Before  removing  it  from  the  nails,  the 
flame  of  a  spirit  lamp  should  he  slowly  passed  along  the  wire  so  as  Fig.  118- 
to  give  a  low  red  heat  to  evorv  inch,  and  thus  diminish  its  elasticity. 
When  cool,  the  bunch  is  to  be  coiled  round  a  tube  or  rod  of  about 
j|lhs  of  an  inch  in  diameter.  Attach  one  end  to  a  motallic  plate,t 
and  to  the  other  fii  a  small  picco  of  cotton  dipped  in  melted  sulphur. 
A  large  iar  (Fig.  118)  having  been  filled  with  the  gas,  remove  the 
stopple,  light  the  sulphur,  and  introduce  the  coil.f  The  iron  will 
burn  with  a  most  brilliant  light,  throwing  out  a  number  of  sparks, 
which  fall  to  the  bottom  ;  if  a  bottle  is  used  the  bottom  is  liable  to  be 
broken,  this  accident,  however,  may  frequently  be  prevented  by 
pouring  sand  into  the  bottle,  so  as  to  lie  about  half  an  inch  deep  on  the  bottom. 
By  directing  the  flame  of  a  spirit  lamp,  by  means  of  a  current  of  oxygen  gas, 
upon  a  small  ball  of  lime,  the  most  intense  light  is  produced.  An  apparatus  lor 
this  purpose  has  been  described  by  Drummond  in  Edin  Jour,  of  Set.  v.  31!L§ 

Exp.  A  little  of  Homberg's  pyrophorus,  a  substance  to  be   hereafter  described, 

when  poured  into  a  bottle  full  of  this  gas,  immediately  flashes  like  inflamed  guu- 

_  ,.  powder.    H.  1. 208. 

Uxygen  di- 
minishes      3(58.  During  every  combustion  in  oxygen  gas  it  suffers  a  consi- 
bSn!°m*derab,e  diminution.il    The  fact  may  be  shown  by  the  combustion  of 

♦For  Hare's  apparatus  see  his  Compendium,  p.  103. 

t  The  wire  should  never  be  suspended  from  a  cork,  as  it  may  take  fire. 

X  Watch  springs,  partially  deprived  of  their  elasticity  in  the  same  way,  may  he  used. 

SThc  li?ht  and  heat  of  an  Anratid  lamp  supplied  with  oxygen,  as  contrived  Uy 
Dr  C.  T.  Jackson,  are  intense.    See  plate  second. 

||  To  exhibit  this,  experimentally,  in  a  manner  perfectly  free  from  all  sources  of  er- 
ror, would  require  such  an  apparatus  as  few  beside  adepts  in  chemistry  are  likely  to 
possess.  The  apparatus  required  for  this  purpose,  is  described  in  the 
la* 
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phosphorus,  in  the  manner  which  has  been  already  described.    The    »<eu  I. 
first  effect  of  the  combustion  will  be  a  depression  of  water  within  the  " 
jar  ;  but  when  the  combustion  has  ceased,  and  the  vessel  has  cooled, 
a  considerable  absorption  will  be  found  to  have  ensued.* 

In  this  process  a  white  dense  vapour  is  produced,  which  condenses 
on  the  inner  surface  of  the  jar  in  solid  flakes.  This  substance  has 
strongly  acid  properties  ;  and,  being  formed  by  the  union  of  oxygen 
with  phosphorus,  is  termed  the  phosphoric  acid.  In  the  instance  of 
charcoal,  though  that  substance  undergoes  combustion,  no  absorption 
ensues  ;  because,  as  will  appear  in  the  sequel,  the  product  is  a  gas, 
occupying  exactly  the  same  bulk  as  the  oxygen  gas  submitted  to  ex- 
periment. 

369.  The  phenomena  of  combustion  were  referred  by  Stahl  and  stahTs  idea 
his  associates,  to  a  peculiar  principle  which  they  called  phlogiston;  <>.f  combus- 
it  was  supposed  to  exist  in  all  combustibles,  and  combustion  was  said  Uoa* 

to  depend  upon  its  separation  ;  but  this  explanation  was  absurdly  at 
variance  with  the  well  known  fact,  that  bodies  during  combustion 
increase  in  weight. 

370.  All  bodies,  by  combustion  in  oxygen  gas,  acquire  an  addi-  Bodies  in- 
lion  to  their  weight ;  and  the  increase  is  in  proportion  to  the  quantity  cre^f in 
of  gas  absorbed,  viz.  about  one  third  of  a  grain  for  every  cubic  inch  we'* 

of  gas. — To  prove  this  by  experiment,  requires  a  complicated  appa- 
ratus. But  sufficient  evidence  of  this  fact  may  be  obtained  by  the 
following  very  simple  experiment. 

Fill  the  bowl  of  a  common  tobacco  pipe,  with  iron  wire  coiled  opirnlly,  and  of 
known  weight :  let  the  end  of  the  pipe  be  slipped  into  a  brass  tube,  which  is 
•crewed  to  a  bladder  filled  with  oxygen  gas :  heat  the  bowl  of  the  pipe,  and  its 

i,  and  then  force  through  it  a  stream  of  oxygen  gas 


.  to  redness  in  the  fire, 
rV. nith.-  bladder.    The  iron  wiru  will  hum  ;  will  he  rapidly  QXidUMd  ;  and  will 
be  round,  when  weighed,  to  be  considerably  heavier  than  before.    When  com- 
pletely oxidiztd  in  this  mode,  100  parts  of  iron  wire  gain  an  addition  of  about  30. 

371.  After  the  discovery  of  oxygen  gas,  it  was  adopted  by  Lavoi-  Theory  of 
sier  as  the  universal  supporter  of  combustion.  The  basis  of  the  gas  'J 
was  supposed  to  unite  to  the  combustible,  and  the  heat  and  light 
which  it  before  contained  in  the  gaseous  state,  were  said  to  be 
evolved  in  the  form  of  flame.  But  in  this  case,  several  requisites  are 
not  fulfilled  ;  the  light  depends  upon  the  combustible,  and  not  upon 
the  quantity  of  oxygen  consumed ;  and  there  are  very  numerous  in- 
stances of  combustion,  in  which  oxygen,  instead  of  being  solidified, 
becomes  gaseous  during  the  operation  ;  and,  lastly,  in  others,  no 
oiygen  whatever  i3  present.    Combustion,  therefore,  cannot  be 

Tied  as  dependent  upon  any  peculiar  principle  or  form  of  matter, 
rzelius,  in  adopting  the  electro-chemical  theory,  regards  the  Berxelius' 
beat  of  combination  as  an  electrical  phenomenon,  believing  it  to  T*ew* 
arise  from  the  oppositely  electrical  substances  neutralizing  one  ano- 
ther, in  the  same  manner  as  the  electric  equilibrium  is  restored  during 
the  discharge  of  a  Leyden  jar.  There  are,  indeed,  strong  grounds 
for  believing  that  electrical  action  is  an  essential  part  of  every  che- 
mical change,  and  it  is  probable  that  the  heat  developed  during  the 
Utter  may  be  due  to  the  former ;  but  this  part  of  science  is  as  yet 
too  imperfect  for  indicating  the  precise  mode  by  which  the  effect  is 

•  Those  persons  who  are  possessed  of  a  mercurial  apparatus  may  repeat  this  expe- 
riment in  a  lesa  exceptionable  manner,  as  described  in  Henry's  Chenrntry,  I.  210. 
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ch»P  m.  produced.    The  heat  emitted  during  combustion  varies  with  the 

ture  of  the  material.*    T.  167. 
Products.      372.  The  substances,  capable  of  uniting  with  oxygen,  afford  acids 
and  oxides. 

373.  The  name  oxygen,  from  otft  acid,  and  fBvvau  I  generate, 
was  proposed  by  Lavoisier,  from  the  supposition  that  it  was  the  sole 
Oxygen  not cause  °^  acidity.    But  oxygen  is  not  essential  to  the  acidity  of  a 
essential  to  compound,  for  some  bodies  are  rendered  acid  by  union  with  chlorine, 
acidity.     others  by  hydrogen  ;  and  the  theory  of  Lavoisier  which  consid- 
ered oxygen  as  the  essential  principle  of  acidity,  can  no  longer  be 
received  as  correct 

In  many  instances,  a  combustible  body,  which  affords  an  acid 
when  united  with  a  certain  quantity  of  oxygen,  gives  an  oxide  when 
combined  with  a  less  quantity ;  and  the  acid  may  be  brought  back  to 
the  state  of  an  oxide  by  separating  part  of  its  oxygen.    Some  of  the 
metals  also,  combined  with  a  small  proportion  of  oxygen,  give  ox- 
ides capable  of  uniting  with  acids  and  of  composing  stilts,  and  again 
united  with  more  oxygen  yield  an  acid  which  is  susceptible,  with 
oxides,  of  formiug  saline  compounds. 
Action  of      374.  When  acids,  containing  much  oxygen,  are  poured  on  sub- 
Tainingox-  slances  tnat  nave  a  great  affinity  for  this  element,  as  metals  and 
some  inflammable  bodies,  oxygen  is  rapidly  taken  from  them.  The 
combination  with  the  liberated  oxygen  is,  in  some  cases,  so  rapid, 
as  to  give  rise  to  combustion ;  as  when  nitric  acid  is  poured  upon 
spirits  of  turpentine,  or  phosphorus.    See  nitric  acid. 
Oxidation '    375.  Mercury  is  speedily  oxidized  by  the  same  acid,  and  also  if 
of  mercury,  boiled  in  sulphuric  acid.    In  both  cases,  however,  the  oxide  formed 
by  the  decomposition  of  one  portion  of  the  acid  unites  with  another 
portion  that  has  not  been  decomposed,  and  the  resulting  products  are 
a  nitrate  and  a  sulphate  of  the  oxide  of  mercury. 
Deoxida-      376.  When  oxygen  is  to  be  removed  from  any  substance  which 
tion.        does  not  part  with  it  on  exposure  to  heat,  the  substance  is  often 
mixed  with  charcoal,  which,  at  a  high  temperature,  has  a  much 
greater  affinity  for  oxygen  than  most  other  substances.    It  is  in  this 
manner  that  most  of  the  common  metallic  oxides  are  deoxidized,  and 
their  bases  procured  in  a  metallic  form  ;  the  carbon  combining  with 
the  oxygen  and  passing  off  in  the  form  of  carbonic  acid  gas.  F. 


Section  II.  Hydrogen. 

Symb.  <S)>.  Gr.  Chem.  Equiv. 

H.  0.0689  air   =1  By  Vol.  100 

1. 00   Hyd.=l  ■  Wgt.  1 

2jjcowy»  377.  This  gas  was  formerly  termed  inflammable  air,  from 
its  combustibility,  and  phlogiston,  from  the  supposition  that  it 
was  the  matter  of  heat ;  but  the  name  hydrogen,  from  itfojp  water, 
and  yevpsiv  to  generate,  has  now  become  general.  Its  nature  and 
leading  properties  were  first  pointed  out  in  the  year  1766  by  Caven- 
dish.t 

The  most  simple  form  in  which  it  has  hitherto  been  obtained,  is 
in  that  of  a  gas.  Of  its  nature  we  know  but  little,  but  as  it  has  not  yet 

*  See  Dallon'i  Chem.  PhUot.  11.  309.  t  Phil.  Trans.  In.  144. 
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Fig.  119, 


been  resolved  into  any  more  simple  form,  it  is  still  arranged  among  Sect.it. 
elementary  bodies. 

378.  To  procure  hydrogen  gas,  let  sulphuric  acid,  previously  di-  Method  of 
luted  with  five  or  six  times  its  weight  of  water,  be  poured  on  iron  fJjJJJJJ 
filings,  or  on  small  iron  nails  ;  or  (what  is  still  better)  pour  sulphuric  gas. 
acid  diluted  with  eight  parts  of  water,  on  zinc,  granulated  by  pour- 
ing it  melted  into  cold  water,  and  contained  in  a  gas  bottle,  Figs.  86, 

87,  or  small  retort.  An  effervescence  will  ensue,  and  the  escaping  gas 
may  be  collected  in  the  usual  manner  over  water. 

379.  An  ingenious  apparatus  for  obtaining  it  instantaneously  in  alnflamma- 

laboratory,  was  contrived  by  Gay-Lussac. 

It  consists  of  a  three  necked  glass  bottle,  (Fig.  119,)  one  of 
whose  openings  has  a  stopper,  from  which  is  suspended  a 
small  cylinder  of  zinc  a.  To  the  opposite  aperture  is  fixed 
a  bent  brags  tube  furnished  with  a  stop-cock,  on  which  may 
be  screwed  either  a  small  jet  for  burning  the  gas,  or  a  tube  to 
conduct  it  wherever  it  may  be  required.  The  upper  vessel  is 
of  glass,  and  ground  to  fit  the  middle  neck,  its  pipe  reaching 
within  a  small  distance  of  the  bottom  of  the  bottle.  To  use 
the  apparatus,  the  lower  vessel  is  filled  with  sulphuric  acid 
properly  diluted,  aud  the  zinc  cylinder  is  then  introduced,  the 
stopper  being  closed  to  which  it  is  affixed,  and  the  cover  of 
the  upper  vessel  removed.  The  gas  which  is  generated  drives 
the  diluted  acid  into  the  upper  vessel,  and  the  further  produc- 
tion of  it  ceases,  when  the  zinc  is  completely  uncovered.  We 
have  then  the  bottle  filled  with  gas ;  and  can  at  any  time  expel  it  by  opening 
the  cock,  and  allowing  the  atmosphere  to  press  on  the  surface  of  the  liquid  in 
the  globular  vessel.  » 

A  more  convenient  modification  of  this  apparatus  has  been  contrived  by  Hare  Self-regu- 
(Fig.  120.)   It  consists  of  two  vessels,  one  withintbe  Hi- 120: >         lating  re- 

other,  the  inner  one  having  no  bottom  is  furnished  jf\ 
with  a  stop-cock  at  the  upper  part,  A  piece  of  zinc  is  (\ 
tuspended  in  the  inner  vessel;  acid  and  water,  previ-  J% 
ously   cooled,  being   poured  into  the  space  between      ^  ^0 


iting  « 
servoir. 


will 


the  two  vessels,  (the  stop-cock  being  open,) 

in  the  inner  vessel ;  coming 


expel  s^,  gas  -fw 
the  air  and  rise  In  the*  inner  vessel coming  in  con- 
tact with  the  zinc,  hydrogen  will  be  given  off.  The 
ps  should  be  allowed  to  escape  until  all  the  air  has 
been  expelled  from  the  inner  vessel.  The  slop-cock 
being  now  closed,  the  hydrogen  will  accumulate  in 
the  inner  vessel,  press  upon  the  acid  and  water,  and 
force  it  into  the  space  between  the  two  vessels. 
This  will  go  on  until  the  zinc  is  no  longer  in  contact 
with  the  liquid.  Tho  inner  vessel  will  be  a  reservoir 
of  hydrogen,  from  which  any  desired  quantity  can 
be  drawn  on  opening  the  stop-cock.  A  straight  pipe,  or  flexible  tube,  being 
screwed  upon  the  stop-cock,  the  gas  may  be  conveyed  into  any  other 
piece  of  apparatus.  As  the  gas  passes  out,  the  acid  and  water  rise  in  the 
inner  vessel,  and  again  come  in  contact  with  tho  zinc,  and  more  hydrogen  is 
obtained. 

380.  Hydrogen  gas,  thus  obtained,  is  not,  however,  to  be  consi-  Impure  as 
dered  as  absolutely  pure  *  oSed.7 


*  The  gas  may  be  partially  purified  hy  passing  it  through  a  solution  of  pure  potassa, 
or  obtained  purer  by  using  distilled  zinc.  In  order  to  purify  the  zinc,  Thomson  ex- 
poses it  to  a  white  heat  in  a  stone  ware  retort,  luted  to  a  receiver  nearly  filled  with 
water.  At  this  temperature,  the  zinc  is  sublimed  and  freed  from  all  its  impurities, 
except  a  trace  of  cadmium  too  minute  to  occasion  any  sensible  error.  The  zinc  thus 
distilled  over  is  melted  in  a  crucible  and  poured  upon  the  surface  of  a  clean  smooth 
vand  stone,  upon  which  it  forms  a  thin  sheet  which  can  be  easily  broken  into  small 
pieces.    T.  Pint  Prin.  1 .  52. 
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Hydrogen. 

381.  Hydrogen  is  an  aeriform  fluid,  but  very  slightly  absorbable 
by  water,  h  has  no  taste,  and  may  be  respired  for  a  short  time, 
though  it  is  fatal  to  small  animals.  As  usually  prepared,  it  baa  i 
disagreeable  odour,  but  when  pure  has  none.* 

It  may  be  breathed  a  few  times  with  safety,  and  if  the  experimenter  speak 
immediately  on  removing  his  lips  from  the  mouth-piece  of  the  bag  or  bladder,  i 
remarkable  change  in  the  voice  is  pcrceivod. 

382.  It  is  the  lightest  body  known,  and  is  therefore  conveniently 
assumed  as  unity  in  speaking  of  the  specific  gravity  of  gases,  as  well 
as  in  referring  to  the  proportions  in  which  bodies  combine.  100  cu- 
bic inches  weigh  2.1367  grains.    It  is  16  times  lighter  than  oxygen. 

383.  The  levity  of  hydrogen  may  be  proved  by  experiment. 

Let  ajar  filled  with  this  gas  stand,  for  a  few  seconds,  with  its  open  mouth  op- 
wards.    On  letting  down  a  candle,  the  gas  will  be  found  to  have  escaped. 

Place  another  jar  of  the  gas  inverted,  or  with  its  mouth  downwards.  The  gtt 
will  now  be  found  to  remain  a  short  time  in  the  jar,  being  prevented  from  escap- 
ing upwards  by  the  bottom  and  sides  of  the  vessel. 

384.  Hydrogen,  in  consequence  of  its  extreme  lightness,  is  em- 
ployed for  filling  air-balloons. 

Fill  with  hydrogen  gas,  a  bladder  fur- 
nished with  a  stop-cock,  (Fig  121 ;)  and 
adapt  to  this  a  common  tobacco  pipe.  Dip  (~*\ 
the  bowl  of  the  pipe  into  a  lather  of  soap, 
and,  turning  the  cock,  blow  up  the  lather  q 
into  bubbles  ;  instead  of  falling  to  the  vie 
ground  like  those  commonly  blown  by 
children,  they  will  rise  rapidly  into  the 
air. 

The  experiment  may  be  varied  by  filling  the  bladder  with  a  mixture  of  two 
parts  of  hydrogen  gas  and  one  of  oxygen  gas.    Bubbles,  blown  with  this  raixt 
take  fire  on  the  approach  of  a  lighted  candle,  and  detonate  with  a  loud  rc 
It  is  proper,  however,  not  to  set  them  on  fire  till  they  are  completely 
from  the  bowl  of  the  pipe. 

385.  Hydrogen  is  inflammable,  and  when  pure  burns  with  a  lam- 
bent blue  flame  at  the  surface  in  contact  with  the  air. 


Fill  a  small  jar  with  the  gas,  and,  holding  it  with  the  mouth 
the  gas  into  contact  with  the  flame  of  a  candle. 

FUl  with  this  gas  a  bladder  which  is  furnished  with  a  stop-cock,  and  with  a 
small  pipe,  of  diameter  less  than  that  of  a  common  tobacco  pipe.  Pre**  the  itr 
out  through  the  pipe,  and  on  presenting  a  lighted  candle,  the  stream  will  take  fire, 
and  continue  to  burn  with  a  pale  and  feeble  flame. 

386.  Hydrogen  gas  does  not  support  combustion. 

Remove  a  jar,  filled  with  the  gas,  from  the  shelf  of  the  pneumatic 
trough,  upon  a  plate  .  bring  it  near  a  lighted  candle,  and  expedi- 
tiously removing  the  plate,  cover  the  candle  ;  it  will  be  extinguished. 
At  first  there  will  be  a  slight  explosion,  from  the  gas  at  the  mouth 
of  the  jar  mixing  with  atmospheric  air. 

Suspend  a  long  tube  or  jar  (Fig.  122),  with  its  mouth  downward, 
containing  hydrogen  gas ;  remove  the  stopple  and  introduce  a  light- 
ed taper  attached  to  a  long  wire.  The  flame  of  the  taper  may  be 
extinguished  and  relighted  many  times,  as  the  taper  is  passed  up 
into  the  gas,  or  brought  down  slowly  through  the  portion  burning  at 
the  mouth  of  the  jar  Care  should  obviously  I*  taken,  that  water 
does  not  remain  about  the  mouth  of  the  jar. 


*  Itcrzcliu*  has  shown  that  the  gas  generated  from  iron  filings  and  di- 
lute sulphuric  acid.  In*cs  its  odour  by  being  passed  through  pure  al 


and  when  the  alcohol  is  diluted  with  water  and  is  kept  "a  few  days, 
oil  is  separated,  which  caused  the  smell  of  lbs  gas. 
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who  are  provided  with  the  jars  represented  Fig.  94,  «,  may  screw  to 

the  cork  a  brass  pipe  with  a  small  aperture.   On  pressing  the  jar,  filled  with  hy-  ~  

drug  en  gas,  into  the  water,  and  opening  the  cock,  the  gas  will  be  forced  out  in  u  "P- 
utrcam,  which  may  be  set  on  fire.    On  this  principle  are  founded  the  artificial 
fireworks  without  smell  or  smoke.    They  consist  of  pipes,  having  variously 
sized  apertures,  some  of  which  have  a  rotary  motion. 

Or  the  gas  may  be  condensed,  by  means  of  a  syringe,  into  a  strong  copper  globe 
furnished  with  a  stop-cock,  to  which,  on  removing  the  syringe,  a  hrass  tube  can 
be  screwed,  and  a  variety  of  jets  and  revolving  burners  be  attached. 


II. 


3S7.  It  has  been  found  by  Dq  bereiner,  that  when  a  stream  of  hy«  Doeberein 
•ogen  is  directe  " 
red  hot,  and  the 


drogen  is  directed  upon  spongy  platinum,  the  platinum  soon  becomes  e£s  jjjjj*" 
hydrogen  is  inflamed.*  geo 


This  discovery  has  led  to  various  modifications  of  the  in. 
flammable  air  lamp.  A  very  convenient  and  ornamen- 
tai  form  of  which  is  represented  in  Fig.  123.  It  is  com- 
posed of  two  glass  vessels  fitted  to  each  other  by  grinding,  as 
in  the  apparatus  of  Gay-Lussac.  The  tube  a,  of  the  upper 
teasel,  is  encompassed  by  a  cylinder  of  zinc,  which  is  sup- 
ported by  a  ring  of  cork  on  the  lower  part  of  the  tube.  The 
platinum  sponge  is  contained  in  a  small  brass  box  6,  attached 
to  i  bra*s  wire  passing  through  a  collar  of  leather  and  which 
csa  be  j>laced  at  any  distance  from  the  jet  c  When  a  light 
si  required  the  cock  d  is  turned,  and  the  pressure  of  the  acid 
liquor  in  the  upper  vessel  expels  the  hydrogen,  as  in  the  ap- 
paratus already  described. t 

388.  If  mixed  with  common  air,  hydrogen  burns  rapidly  with  de-  Detonates 
toaation. 

Into  a  strong  phial,  capable  of  holding  about  6  ounces  of  water  introduce  one 
part  of  hydrogen  and  three  parts  of  common  air.  On  applying  a  lighted  candle 
or  a  red  not  wire,  the  mixture  will  explode. 

This  experiment  may  be  performed  by  means  of  an  apparatus  called  the  in-  inflamma- 
fiammable  air  pistol,  (frig.  121.)  This  instrument  consists  of  p\g.  ia4.  ble  air  pis- 
&  cvhnder  of  brass,  about  three  fourths  of  an  inch  in  diameter, 
ana1  six  inches  long,  in  the  form  of  a  small  cannon  or  pistol- 
barrel,  properly  mounted,  and  having  a  wire  a,  passing 
through  a  tube  of  ivory,  A,  and  not  quite  touching  the  interior 
of  the  cylinder,  at  the  part  usually  occupied  by  the  touch 
bole ;  sn  electric  spark  communicated  to  tin-  wire  inflames  t 


i  the  mixture  of  hydro- 

rrn  sod  atmospheric  air  in  its  interior.  It  may  be  charged,  by  holding  it  for  a 
moment  over  the  open  jet  of  the  instrument  (Fig.  119),  always  taking  care  that 
taert  is  a  due  admixture  of  atmospheric  air,  otherwise  the  electric  spark  will  not 


e  it. 


Fig .  125. 


389.    If  the  experiment  be  repeated  with  oxygen  gas  instead  of  Detonates 

atmospherical  air;  changing  the  proportions,  and  mixing  only  oneviihoxy- 

part  of  the  oxygen  tjns  with  two  of  hydrogen,  the  report  will  be  con-  Keo' 

Jiderablv  louder.    The  bottle  should  be  a  strong  one,  and  should  be 

wrapped  round  with  cloth,  to  prevent  accident. 

It  may  be  exploded  by  igniting  a  fine  platinum 
wire  within  a  strong  glass  vessel  (Fig.  125,  6) ; 
the  wire  may  be  an  inch  in  length,  and  connected 
with  two  stout  copper  wires  a  a  passing  in  at  the 
side*  through  a  cork  .  the  copper  wires  should 
be  attached  to  the  vices  of  a  small  calori motor  c 
The  arid  liquor  being  contained  in  a  glass  or 
other  suitable  vessel  </,  is  to  be  raised  up  suffi- 
ciently to  have  the  plates  immersed.    See  Gai- 


a  a 


•  A  convenient  tinder  may  be  prepared  from  a 
peee  of  cotton  cloth,  dipped  iu  the  solution  from 
vaieb  the  sponge  is  ohtaiocd,  (see  Platinum,)  and  then 
dily  as  the  platinum  sponge  ,  the  sponge  and  tinder  should  be 

t  See  the  subject  of  Budiomtiry. 
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Expl<  sion 
by  elecirici- 


A  bladder,  filled  with  hydrogen  and  oxygen,  may  be  exploded  with  safety 
by  suspending  it  from  the  ceiling,  and  piercing  it  with  a  sharp  wire  at  the 
end  of  a  long  slick,  with  a  little  tow  about  it,  dipped  in  spirits  of  turpentine  and 
burning. 

390.  The  same  experiment  may  be  made  over  wat«r,  by  means  of 
the  electric  spark. 

Procure  a  strong  tube,  about  three  quarters  of  an  inch  in  diame- 
ter, and  12  inches  long,  closed  at  one  end.  (Fig.  126  )  About  a 
quarter  or  half  an  inch  from  the  sealed  end,  let  two  small  holes 
be  drilled,  opposite  to  each  other,  .and  into  each  of  these  let  a 
brass  conductor  be  cemented,  so  that  the  two  points  may  be  dis- 
tant from  each  other,  within  the  tube,  about  one  eighth  of  an 
inch.    An  apparatus,  serving  the  same  purpose,  and  much  more 
easily  constructed,  may  be  formed  by  hermetically  sealing  n  piece 
of  brass  wire,  or  Mill  belter,  platinum  wire,  into  toe  end  of  a  glass 
tube.    With  this  conductor,  an  interrupted  circuit  may  be  formed 
by  introducing  into  the  tube  a  longer  wire,  one  end  of  which  ter- 
minates one  tenth  of  an  inch  from  the  upper  one,  while  the  other 
exteuds  beyond  the  aperture  o/  the  tube.  (See  Fig.  127,  c.)  Into 
this  tube,  standing  over  water,  pass  about  half  a  cubic  inch  of  a 
mixture  of  hydrogen  and  oxygen  gases ;  in  the 
proportion  of  two  measures  of  the  former  to  one 
of  the  latter.    Hold  the  tube  firmly,  and  pas*  an 
electric  spark  through  the  mixed  gases.    For  re- 
lieving the  shock,  which  is  sometimes  considera- 
ble on  firing,  an  ingenious  contrivance  of  Davy 
may  be  employed.*    The  first  effect  of  the  com- 
bustion is  a  sudden  and  considerable  enlargement 
of  volume,  wr  hich,  from  some  experiments  of  Davy 
probably  amounts  to  15  times  the  original  bulk  JJL 
of  the   mixture.    After  this  the  gases,  if  per- 
fectly  pure  and  in  the  proper  proportion,  will 
be  found  to  have  diaappearca  entirely.  II.  1.  235.  d\ 

391.  The  power  of  flame  and  electricity,  in  causing  a  mixture  of 
hydrogen  with  air  or  oxygen  gas  to  explode,  is  limited  ;  flame  occa- 
sions a  very  feeble  explosion  when  the  hydrogen  is  mixed  with  nine 
times  its  bulk  of  air;  and  a  mixture  of  four  measures  of  hydrogen 
with  one  of  air  does  not  explode  at  all.  An  explosive  mixture,  form- 
ed of  two  measures  of  hydrogen  and  one  of  oxygen  gas,  explodes 
from  all  the  causes  above  enumerated.  Biot  found  that  sudden  and 
violent  compression  likewise  causes  an  explosion,  apparentlv  from 
the  heat  emitted  during  the  operation  ;  for  an  equal  degree  of  con- 
densation, slowly  produced,  has  not  the  same  effect.  The  electric 
j-park  ceases  to  cause  detonation,  when  the  explosive  mixture  is  di- 
luted wilh  twelve  times  its  volume  of  air,  fourteen  of  oxygen,  or  nine 
of  hydrogen  ;  or  when  it  is  expanded  to  sixteen  times  its  bulk  by  di- 
minished pressure.  Spongy  platinum  acts  just  as  rapidly  as  flame 
or  the  electric  spark  in  producing  explosion,  provided  the  gases  are 
quite  pure  and  mixed  in  the  exact  ratio  of  two  to  one.t  Fara- 
day finds  that  platinum  foil,  if  perfectly  clean,  produces  gradual 
though  rather  rapid  combination  of  the  gases,  often  followed  by  ex- 
plosion. X 


♦  Phil.  M<ig.  xxxi.  3. 

action  of  I 
consult  the 
Davy's  work  od  h *!amc  ;  Henry's  essay 
in  the  Phil.  Trans,  for  1884 ;  and  a  paper  by  Turner  in  ihe  Bdin.  Phtlo*.  Jour,  for 
the  same  year. 

t  Phil.  Tram  1834. 


♦  For  a  variety  nf  facts  ret  porting  l  he  causes  which  prevent  the  i 
tricity,  and  platinum  in  produriitir,  detonation,  the  reader  may 
firnithut  in  the  Ann.  tie  CJtimie  vol.  Ixxxii. ;  Davy's  work  od  Pic 
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392.  When  the  action  of  heat,  the  electric  spark,  and  spongy  plali*   Sect»  n. 


numno  longer  causes  explosion,  a  silent  and  gradual  combination  be- Slow 
tween  the  gases  may  still  be  occasioned  by  them.  Davy  observed  that 1 
oxygen  and  hydrogen  gases  unite  slowly  with  one  another,  wheil 
they  are  exposed  to  a  temperature  above  the  boiling  point  of  mercury, 
and  below  that  at  which  glass  begins  to  appear  luminous  in  the  dark. 
An  explosive  mixture,  diluted  with  air  to  too  great  a  degree  to  ex- 
plode by  electricity,  is  made  to  unite  silently  by  a  succession  of 
electric  sparks.  Spongy  platinum  causes  them  to  unite  slowly 
though  mixed  with  one  hundred  times  their  bulk  of  oxygen  gas.  T.160. 

393.  A  current  of  hydrogen  may  be  inflamed  when  issuing  from  a  Musical 
small  aperture,  and  if  a  tube  of  eighteen  or  twenty  inches  in  length J-J"*"* 
be  held  over  the  flame,  a  peculiar  musical  tone  is  produced.    This  combustion 
effect not  peculiar  to  hydrogen,  but  is  produced  by  a  variety  of  °f  hydro- 
other  flames,  and  is  referable  to  the  succession  of  explosions  pro- 5en* 
duced  by  the  combustion  of  the  gas  in  the  tube. 

394.  The  tendency  which  gaseous  fluids  have  to  become  com-  jjjjjjjjjjj 
pletely  mixed  under  all  circumstances,  and  as  it  were  to  penetrate  tendency  to 
each  other,  is  well  illustrated  where  hydrogen  is  employed.    Thus,  mix  to- 

if  two  small  phials,  the  one  containing  oxygen  and  the  other  hydro-  BeU^er* 
gen,  be  connected  perpendicularly  by  a  long  glass  tube,  of  small  bore, 
it  will  be  found,  that  although  the  hydrogen  be  uppermost,  and  much 
lighter  than  the  oxygen,  it  will,  in  the  course  of  a  few  hours,  have 
perfectly  mixed  with  the  oxygen,  and  the  gases  will  be  found  in 
equal  proportions  in  both  phials.  Dallon  has  shown  that  gases,  un- 
like other  fluids,  do  not  remain  upon  each  other  without  admixture.* 

395.  The  flame  of  hydrogen  is  occasionally  employed  for  exciting  Hare's 
intense  heat;  and  it  has  been  found  when  mixed  with  oxygen  and  blow-pipe, 
burned  as  the  mixture  issues  from  a  small  jet,  to  excite  a  tempera- 
ture nearly  equal  to  that  of  the  arc  of  flame  in  the  Voltaic  circuit. 

A  blow-pipe  upon  this  construction  was  first  made  by  Hare : 

It  consists  of  a  cylindrical  vessel  of  tin,  (Fig.  128,  o,)  Pit.  «W. 

or  what  is  preferable  copper,  divided  in  the  middle  by 
two  partitions,  so  as  to  form  two  distinct  reservoirs,  one 
for  oxygen  and  the  other  for  hydrogen.  Into  the  lower 
part  of  each  reservoir,  a  tube  6j  is  inserted  somewhat 
obliquely,  as  in  the  common  gas-holder.  Above  the 
reservoirs  is  a  conical  tin  funnel  c,  furnished  with  a  stop- 
cock and  connected  with  a  tube  which  immediately  be- 
low divides  into  two,  one  passing  to  each  reservofr.  A 
tube  passes  out  from  each  reservoir,  meeting  in  a 
cone  d  (a  section  of  which  is  represented  at  «).  The 
gi«es  are  thus  mingled  and  are  then  made  to  issue 
through  a  capillary  tube  drilled  through  a  wire  of  silver 
»nd  inserted  into  the  cone.t  The  lower  tubes  being  closed, 
tbe  apparatus  \e  filled  with  water,  and  the  gases  introduc- 
ed, as  in  the  usual  method  of  filling  a  gas-holder.  The  re- 


*  Manchester  Memoirt,  vol.  i.  New  ! 

t  The  arrangement  consisting  of  two  separate  reservoirs  for  thegases,  is  perfectly  safe 
nd  convenient :  the  jet  may  be  formed  of  two  concentric  cones.  In  1824  I  devised  a  jet, 
rhieh  was  made  for  me  by  Newman  of  London,  to  whom  I  sent  a  drawing  and  de- 
scription.   It  is  tbe  only  jet  I  have  been  in  the  habit  of  using  since  that  time,  and  it 


bas  proved,  as  anticipated,  perfectly  safe.  It  consists 
of  two  concentric  tubes  of  brass  (Fig.  129),  each  ter- 
minated by  platinum,  a  space  being  left  between  the 
two.  By  one  stop-cock,  opening  into  the  space,  and 
soother  into  the  cavity  of  the  inner  tube,  the  two  gases  •» 


Fig.  129. 
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Hydrogen. 


Chap.  IH.  servoira  being  filled,  the  lower  tubes  are  closed,  and  water  poured  into  the  funnel 
on  opening  the  stop-cocks  the  gases  are  propelled  through  the  jet.  When  sub- 
stances are  to  be  exposed  to  the  action  of  this  instrument,  the  stop-cock  connect- 
ed with  the  reservoir  of  hydrogen  should  be  first  opened  and  the  gas  may  be 
inflamed  ;  the  other  stop-cock  is  then  gradually  opened,  and  the  oxygen  mixing 
with  the  hydrogen,  an  intensely  high  temperature  is  obtained. 

With  this  instrument  Hare  and  Silliman  first  effected  the  fusion  of 

some  of  the  most  refractory  substances  in  nature.* 
Brooke's       396.  The  blow-pipe  invented  by  Brooke  depends  for  its  action  on 
blowpipe.  lhe  eiasticity  0f  COmpressed  air,  and  consists  of  a  strong  copper  box 

(Fig.  130),  into  which  several  atmospheres  Fig.  i». 

are  crowded  by  means  of  a  condensing  sy- 
ringe.    Various  expedients   have  been 

adopted  to  render  this  a  safe  substitute  for 

the  oxy-hydrogen  blow-pipe  of  Hare.  It 

may  be*  done  by  interposing  between  the 

flame  and  the  main  reservoir  of  gases,  a 

cylinder  containing  a  little  water  or  oil, 

through  which  by  means  of  a  valve  at  the 

bottom,  the  gases  are  allowed  to  pass. 

The  safety  of  the  instrument  is  increased 

by  the  safety  tube,  lately  proposed  by  Hem- 

ming. 

It  consists  of  a  brass  cylinder,  about  six  inrhea 
Hamming's  |ongt  and  three  fourths  of  an  inch  wide,  filled 
safety  tube.  w^  Ter^  gne  QrMg  wjroj  in  length  equal  to  that 

of  the  tube.  A  pointed  rod  of  metal,  one  eighth 
of  an  inch  thick,  is  then  forcibly  inserted  through 
the  centre  of  the  bundle  of  wires  in  the  tube,  so  as 
to  wedge  them  tightly  together.  The  interstices 
between  the  wires  thus  constitute  very  fine  metallic  tubes,  the  conducting  power 
of  which  is  so  great  as  entirely  to  intercept  the  passage  of  flame. i  | 

397.  The  flame  produced  by  the  oxy-hydrogen  blow-pipe  continues 
to  burn  when  submersed  in,  and  in  actual  contact  with,  water,  with 
the  same  splendour  as  in  the  atmosphere  ;  the  only  difference  being 
that  under  water  its  figure  is  conglobated,  whereas  in  air  it  assumes 
that  of  a  long,  slender,  conical  pencil.  Care  is  required  to  introduce 
the  flame  slowly  into  the  water.  A  piece  of  pine  wood  or  cork  when 
brought  within  the  action  of  the  submerged  flame  gives  out  a  bril- 
liant light. 


Burns  un- 
der water. 


are  conveyed  along  the  jet  without  mingling  until  tbey  arrive  at  the  orifice  where  they 
are  burned.  Either  gas  may  he  made  to  surround  the  other  at  pleasure  merely  by 
changing  the  connexion  with  the  reservoirs.  In  the  PhiL  Mag.  ii.  third  series,  Daniell 
has  described  a  similar  jet.  I  was  not  aware  until  these  pages  were  passing  through 
the  press  that  a  jet  of  similar  construction  had  been  early  employed  by  Hare.  W. 

*  Amrr.  Jour,  of  Sci.  vol.  ii.  p.  281,  Sue.    t  Phil.  Mag.  third  series,  i.  82. 

t  In  some  recent  experiments  with  mixtures  of  the  gases,  contained  in  bladders  at- 
tached to  the  extremities  of  this  tube,  I  have  found  it  impossible  to  explode  both  by 
firing  one,  and  have  been  led  to  attach  it  to  a  large  globe  of  copper  in  which  the  gases 
are  condensed,  and  with  a  simple  jet  at  the  other  extremity,  use  the  apparatus  with 
perfect  safety.  W. 
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Hydrogen  and  Oxygen,    Protoxide  of  Hydrogen — Water.  Sect.  11. 

Composition. 

Syrob.  H+O  or  H,  By  Wght,  By  Vol. 

sometimes  aq.  Hj  i  oiT        i;.,>  t     Hyd.  o*y. 

from  a<7ua.  1  or  1  eq.  +  8  or  1  eq.  =9      100  60 

398.  Hydrogen  and  Oxygen,  Water. — When  two  volumes  of  hy- 
drogen gas  are  mixed  with  one  volume  of  oxygen  gas,  and  the  mix-  Union  with 
lore  inflamed  in  a  proper  apparatus  by  the  electric  spark,  the  pases  oxygen  gas, 
totally  disappear,  and  the  interior  of  the  vessel  is  covered  with  drops  ^j^*" 
of  pure  water,  equal  in  weight  to  that  of  the  gases  consumed. 

399.  If  pure  water  be  exposed  to  the  action  of  Voltaic  electricity, 

h  is  resolved  into  two  volumes  of  hydrogen,  and  one  volume  of  oxy-  Decompoai- 
gtr),  so  that  water  is  thus  proved  by  synthesis  and  analysis,  to  con-  tioo  of  wa- 
tist  of  two  volumes  of  hydrogen  combined  with  one  volume  of  j*.r  ljvr  elec" 
oxygen. 

400.  Cavendish  demonstrated  the  composition  of  water  by  burning 
oxygen  and  hydrogen  gases  in  a  dry  glass  vessel ;  when  a  quantity  By  eom- 
of  pure  water  was  generated,  exactly  equal  in  weight  to  that  of  thebuuion. 
gases  which  had  disappeared.    This  experiment,  which  is  the  synr 

thetic  proof  of  the  composition  of  water,  was  afterwards  made  on  a 
much  larger  scale  in  Paris  by  Vauquelin,  Fourcroy,  and  Seguin. 
Lavoisier  first  demonstrated  its  nature  analytically. 

The  composition  of  water  by  weight  was  determined  with  great 
care  by  Berzelius  and  Dulong ;  and  their  result  is  regarded  as  a  Cq  . 
nearer  approximation  to  the  truth  than  that  of  any  of  their  predecesr  ijonTJy*1 
son.   They  state,  as  a  mean  of  three  careful  experiments,*  that  weight. 
100  parts  of  pure  water  consist  of  11.1  of  hydrogen  and  S8.9  oxy- 
gen, which  is  the  ratio  of  1  to  8.009,  very  nearly  that  of  I  to  8  above 
stated. 

401.  The  processes  for  procuring  hydrogen  gas  will  now  be  intelli- 
gible.   The  first  is  the  method  by  which  Lavoisier  made  the  analysis 

of  water.  It  is  founded  on  the  fact,  that  iron  at  a  red  heat  decomposes  ZJSSLIr 

-   ,      ....       ..         ««i  I       jl     i  lormation 

water,  the  oxygen  of  that  liquid  uniting  with  the  metal,  and  the  hy-  of  hydro- 
drogen  gas  being  set  free.  The  hydrogen  which  is  evolved  when  f*n- 
zinc  or  iron  is  put  into  dilute  sulphuric  acid  must  be  derived  from 
the  same  source.  The  product  of  the  operation,  besides  hydrogen, 
is  sulphate  of  the  protoxide  of  iron,  if  iron  is  used,  or  of  the  oxide  of 
aoc,  when  zinc  is  employed.  The  knowledge  of  the  combining  pro- 
portions of  these  substances  will  give  the  exact  quantity  of  each  pro- 
duct-   These  numbers  are — 

Water  (6  oxy  +  1  hyd  9 

Sulphuric  acid   40.1 

Iron   28 

Protoxide  of  iron  (28  iron  +  8  oxygen)         .  36 

Sulphate  of  the  protoxide  of  iron  (40.1+36)       .  76.1 

Hence  for  every  9  Grains  of  water  which  are  decomposed,  1  grain  of 
jen  will  be  set  free  ;   S  grains  of  oxygen  will  unite  wilh  28 
of  iron,  forming  36  of  the  protoxide  of  iron  ;  and  the  36  grains 
tide  will  combine  with  40.1  grains  of  sulphuric  acid,  yielding 
n  sulphate  of  the  protoxide  of  iron.    A  similar  calculation  may 
oyrd  when  zinc  is  used,  merely  by  substituting  the  equiva- 

"  t  i   /   On  'ii.  a  dt  Phy$.  vol.  xt . 
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Hydrogen  and  Oxygen. 


Action  of 
zinc,  dec. 


Chap  hi.  lent  of  zinc  (32.3)  for  that  of  iron.  According  to  Cavendish,  an 
ounce  of  zinc  yields  676  cubic  inches,  and  an  equal  quantity  of  iron 
7S2  cubic  indies  of  hydrogen  gas. 

402.  The  action  of  dilute  sulphuric  acid  on  metallic  zinc  affords  an 
instance  of  what  was  once  called  Disposing  Affinity.  Zinc  decom- 
poses pure  water  at  common  temperatures  with  extreme  slowness ; 
but  as  soon  as  sulphuric  acid  is  added,  decomposition  of  the  water 
takes  place  rapidly,  though  the  acid  merely  unites  with  oxide  of  zinc. 
The  former  explanation  was,  that  the  affinity  of  the  acid  for  oxide  of 
zinc  disposed  the  metal  to  unite  with  oxygen,  and  thus  enabled  it  to 
decompose  water;  that  is,  the  oxide  of  zinc  wa3  supposed  to  produce 
an  effect  previous  to  its  existence.  The  obscurity  of  this  explanation 
arises  from  regarding  changes  as  consecutive,  which  are  in  reality 
simultaneous.  There  is,  as  it  were,  but  one  chemical  change,  which 
consists  in  the  combination  at  one  and  the  same  moment  of  zinc  with 
oxygen,  and  of  oxide  of  zinc  with  the  acid  :  and  this  change  occurs  be- 
cause these  two  affinities,  acting  together,  overcome  the  attraction  of 
oxygen  and  hydrogen  for  one  another.  T. 

403.  The  experiments  illustrating  the  composition  of  water  may 
be  divided  into  synthetic  and  analytic.  Among  these  the  following 
may  be  selected. 

Fig.  131.  Burn  a  current  of  hydrogen' under    Fig  1S2. 

fC^.  — TMr*-.      tne  ^unne'  °»  (*'g    131),  by  uniting 

Mr  \  j]    b      V'^^V,  w!th  ,ne  oxygen  ot  the  atmosphere  it 

'  will  produce  aqueous  vapour,  which 
passing  into  the  glass  cylinder  4,  will 
condense  in  drops. 

Fig.  132  represents  an  apparatus  for 
showing  the  production  of  water  by 
burning  a  current  of  hydrogen  in  an  at- 
mosphere of  oxygen,    a  is  a  glass  cyl- 


Barns  with 
oxygen  gas 


The  mix- 
ture ex- 
plodes. 

Exp. 


Exp. 


u>  i      '  inder,  which, after  having  been  exhaust- 

ed upon  an  air-pump,  is  filled  with  pure  oxygen,  b  is  a  receiver  of 
hydrogen  immersed  in  the  vessel  of  water  c,  by  which  the  gas  is 
compressed,  so  as  to  be  urged  through  the  capillary  opening/,  when 
the  stop-corks  d  d  are  open,  e  is  a  platinum  wire  by  which  the  gas 
may  be  inflamed  by  an  electric  spark.  It  burns  with  the  producUon 
of  intense  heat,  and  water  is  soon  collected  in  drops  upon  the  inte- 
rior of  the  cylinder. 

If  two  measures  of  pure  hydrogen  bo  mixed  with  one  of  pure  oxy- 
gen, and  detonated  in  the  graduated  glass  tube  a,  (Fig.  106),  stand- 
ing over  water,  by  an  electric  spark  passed  through  the  platinum  wires 
Fig.  1X».     *  *t  tntJ  gases  will  entirely  disappear.  It  there  bo  any 
.  excess  of  either  of  the  gases,  the  portion  in  excess  will 

~%  f       remain  unconsutned. 
L=jMLS       Tho  same  experiment  may  be  thus  varied  :  Fig.  133 
y  ^        is  a  very  strong  glass  vessel,  capable  of  holding  abont 


If  a  pint 


Water  a 

compound 
of  the  b 
of  the 


g»-J  and  furnished  (besides  the  proper  contrivance  at  top  for  takingtho 
electric  spark  in  it;  with  a  brass  cap  and  cock,  by  means  of  which  it 
can  be  screwed  to  the  transfer  plate  of  an  air  puniip.  When  exhaust- 
ed, it  may  be  filled  with  a  mixture  of  oxvgen  and  hydrogen  gases, 
in  the  proportion  of  one  measure  of  the  former  to  two  of  the  hitter, 
and  an  electric  spark  maybe  passed  through  the  mixture.  After  the 
explosion,  when  time  has  been  given  to  the  vessel  to  cool,  a  sensible 
quantity  of  moisture  will  have  condensed  on  the  inner  surface  of 
the  vessel,  and  by  repeating  the  operation  frequently,  a  sufficient 
quantity  of  fluid  may  be  collected  to  show  that  water  is  the  only 
product.  J 

404  The  water  produced  in  this  mode,  is  not,  however, 
to  be  considered  as  a  compound  of  the  two  gases,  but 
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only  of  iheir  bases,  for  the  lighl  and  caloric,  which  constitute  the  Sect  h. 
gases,  escape,  in  considerable  part  during"  the  combustion.  Every 
gas,  it  must  be  remembered,  has  at  least  two  ingredients  ;  the  one, 
gravitating  matter,  which,  if  separated,  would  probably  exist  in  a 
solid  or  liquid  form  ;  the  other,  an  extremely  subtile  fluid,  termed 
caloric  and  perhaps  electricity  and  light.  The  compound,  water,  is 
therefore  said  to  be  composed  of  hydrogen  and  oxygen,  the  doses  of 
the  gases,  and  not  of  the  hydrogen  and  oxygen  gases. 

405.  Water  may  be  decomposed  or  resolved  into  its  elements  by  Analysis  of 
a  variety  of  processes,  the  most  important  of  which  are  the  fol- water* 


Fig.  1 14. 


lowing : 

Fig.  134,  a,  it*  a  glass  retort, 
into  which  is  introduced  a 
given  weight  of  water  ;  b  b,  a 
•mill  furnace  through  which 
passes  the  earthen,  or  iron, 
lobe  e  c,  which  terminates  in 
tfcfl  spiral  pewter  tube  d  d, 
immersed  in  water.  A  given 
weight  uf  pure  iron  coiled  up, 
is  ratrodured  into  the  tuho  r, 
and  the  whole  made  red-hot ; 
the  water  in  a  is  then  made  to  boil,  and  the  vapour,  on  coming  into  contact  with 
the  red  hot  iron,  is  in  part  decomposed  ;  the  oxygen  is  retained  by  the  iron,  and 
the  hydrogen  escaping  through  the  tube  /,  may  be  collected  as  usual.  Any  un- 
decomposed  portion  of  water  is  condensed  in  the  worm  pipe  </'.  and  drops  into 
the  vessel  e. 


By  iron, 


After  this  experiment  the  iron  will  be  found  to  have  increased  in 
'weight;  and  if  attention  be  paid  to  the  quantity  of  water  which  has 
collected  in  e\  and  to  the  weight  of  the  hydrogen  gas  evolved,  it  will 
be  found  that  the  weight  gained  by  the  iron,  added  to  that  of  the  hy- 
drogen, will  be  equal  to  the  weight  of  the  water  which  has  disap- 
peared. 

406.  The  processes,  by  which  the  elementary  parts  of  water  are 
separated  from  each  other,  and  are  both  obtained  in  an  aeriform 
state,  as  a  mixture  of  hydrogen  and  oxygen  gases,  are  dependent  on 
the  agency  of  electricity. 

The  first  of  these  experiments  requires  for  its  performance  the  aid  Byelectri- 
of  a  powerful  electrical  machine.  This  fact  was  the  discovery  of  n  ci,yi 
society  of  Dutch  chemists  ;  and  the  principal  circumstance  in  the  ex- 
periment, is  the  transmission  of  electrical  shocks  through  a  confined 
portion  of  water.  If  these  shocks  be  sufficiently  strong,  bubbles  of 
•ir  will  be  formed  at  each  explosion,  and  the  mixed  gases  being  ex- 
ploded, the  water  will  rise  again  in  the  tube,  a  very  small  quantity 
of  gas  remaining.  In  this  experiment  we  may  safely  infer,  that  the 
tvolved  hydrogen  and  oxygen  gases  arise  from  decomposed  water. 

407.  The  decomposition  of  water  by  galvanic  electricity  is  a  pro-  By  voltaic 

cess  singularly  adapted  to  demonstrate  the  fact  in 

a  simple  and  elegant  manner,  since  il  exhibits  both 

the  oxygen  and  hydrogen  in  the  gaseous  form. 

Fig  135  represents  a  section  of  an  apparatus  for  this  pur- 
pose- It  is  a  glass  vessel  containing  water,  having  two  wires 
"f  platinum  passing  through  its  bottom  :  over  these  are  invert- 
•a"  the  tube*,  also  filled  with  water.  The  wires  are  connected 
*itb  a  moderately  powerful  Voltaic  apparatus.  Oxygen  is 
•▼olved  at  the  positive  wire,  and  hydrogen  at  the  negative 
•we,  which  gases  rise  into  the  tubes,  and  it  is  seen  that  one 


electricity, 
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Chap.  III.  volume  of  oxygen,  o,  and  two  volumes  of  hydrogen,  k,  arc  the  constant 
 If  these  gases  be  mixed  and  detonated,  pure  water  is  again  formed. 

By  living       408.  Another  mode  of  effecting  the  decomposition  of  water,  is  by 
vegetables,  the  action  of  living  vegetables,  either  entire  or  by  means  of  their 
leaves  only. 

Fill  a  clear  glass  globe  with  water,  and  put  into  it  a  number  of  green  leave* 
P*  from  almost  any  tree  or  plant.    A  sprig  or  two  of  mint  will  answer  the  purpose 

perfectly  well.  Invert  the  glass,  or  place  it,  with  its  mouth  downwards,  in  a 
vessel  of  water.  Expose  the  whole  apparatus  to  the  direct  light  of  the  sun, 
which  will  then  fall  on  the  leaves  surrounded  by  water.  Bubbles  of  air  will  soon 
begin  to  form  on  the  leaves,  and  will  increase  in  size,  till  at  last  they  rise  to  the 
top  of  the  vessel.  This  process  may  be  carried  on  as  long  as  the  vegetable  con- 
tinues healthy ;  and  the  gas,  when  examined,  will  prove  to  be  oxygen  gas. 

In  this  experiment,  the  hydrogen  combines  with  the  plant  to  the 
nourishment  and  support  of  which  it  contributes,  while  the  oxygen  is 
set  at  liberty.  H.  {.  253. 
Imparities  409.  Water,  in  its  ordinary  state,  such  as  spring  and  river  water, 
of  water,  is  always  so  far  contaminated  with  foreign  substances  as  to  be  unfit 
for  any  chemical  purposes,  and  frequently  as  will  be  more  fully 
shown  hereafter,  even  for  domestic  use.  Rain  water  is  much  more 
pure,  but  it  always  contains  a  portion  of  carbonic  acid  and  of  the 
elements  of  atmospheric  air,  besides  appreciable  traces  of  vegetable 
or  animal  matter  ;*  to  the  latter  it  owes  its  property  of  becoming  pu- 
trid when  kept.  The  distinction  of  water  into  hard  and  soft  has 
reference  to  its  less  or  greater  purity.  The  impurities  of  water  are 
partially  separated  by  distillation. t 

410.  Distilled  Water,  as  commonly  prepared,  always  affords  mi- 
nute traces  of  foreign  matter,  especially  when  subjected  to  Voltaic 
decomposition,  and  can  only  be  considered  as  perfectly  pure  when 
re-distilled  at  a  low  temperature  in  silver  vessels. 

411.  Pure  water  is  transparent,  and  without  either  colour,  taste  or 
smell.  In  consequence  of  the  facility  of  obtaining  it  pure,  it  is  as- 
sumed as  a  standard  to  which  the  relative  weight  of  all  other  bodies 

Standard  of  may  ^  comPare(^»  Us  specific  gravity  being  called  =  1,000,  and 
specific     hence  the  importance  of  estimating  its  weight  with  precision.  At 
gravity.     the  temperature  of  62°  F.,  barom.  30,  a  cubic  inch  of  distilled  water 
weighs  252.458  grains.* 

*  The  existence  of  organic  matter  in  atmospheric  water,  has  been  ascril>ed  by  Eh- 
renberg  to  the  ova  of  a  particular  class  of  infusoria,  and  to  them  the  presence  of  tbe 
substance  termed  pyrrhine.    There  is  evidence  Fj_  13fl 

also  of  the  presence  of  salts  and  of  acids.  See 
Dauheny's  neport  on  Water,  in  Vol.  v.  of  Reports 
of  Brit.  Assoc. 

t  This  process  is  usually  conducted  upon  the 
large  scale  in  a  copper  boiler,  (Fig.  136,)  placed  ei- 
ther in  a  portable  furnace,  or  set  in  brickwork,  ac- 
cording to  its  dimensions,  to  which  is  annexed  a 
head  6,  of  the  same  material,  or  of  pewter,  connect- 
ed with  a  spiral  tube  or  worm,  which  is  immersed 
in  the  worm-tub,  or  refrigerator  d,  its  lower  end 
passing  out.  The  water  in  the  worm-tub  must  al- 
ways he  retained  of  a  low  temperature  to  effect  the 
condensation  of  the  vapour  in  the  spiral  tube. 

t  According  to  the  parliamentary  standard  of  Great  Britain,  the  pint  of  water  con- 
sists of  8750  grains  of  water  at  62°  F.  barometer  at  30  inches,  and  the  cubic  inch  of 
252,458  grains.  The  gallon  contains  277,274  cubic  inches,  or  70,000  grains  of  distilled 
water }  the  pint  34,65925  inch**,  or  8760 1 
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412.  At  the  temperature  of  32°  water  congeals  into  ice,  which,  if  SecUi. 
slowly  formed,  produces  needles  crossing  each  other  at  angles  of  60°  tce. 
and  120°.    The  specific  gravity  of  ice  is  0,94.    Exposed  to  the 

air,  ice  loses  considerably  in  weight  by  evaporation. 

413.  Water  is  susceptible  of  compression,  as  was  originally  shown  Compres&i- 
by  Canton,  and  more  lately  by  Perkins,  who  has  estimated,  in  an  °le- 
ingenious  series  of  experiments,  the  rate  of  its  compression.*  If 
submitted  to  very  sudden  compression,  water  becomes  luminous,  as 

has  been  shown  by  Desaignes.t  According  to  Despretz  the  com- 
pression of  water  by  a  force  equal  to  20  atmospheres,  causes  the 
evolution  of  ^th  part  of  a  degree  of  heat. 

414.  Water  enters  into  combination  with  a  variety  of  substances,  State  of 
and  is  retained  with  various  degrees  of  force.    Sometimes  it  is  con-  j^b'nB" 
tamed  in  a  variable  ratio,  as  in  ordinary  solution  ;  in  other  com- 
pounds it  is  present  in  a  fixed  definite  proportion,  as  in  its  union 

with  several  of  the  acids,  the  alkalies,  and  all  salts  that  contain  water 

of  crystallization.    These  combinations  have  been  termed  hydrates.  Hydrate*. 

415.  Water,  which  has  been  exposed  to  the  atmosphere,  always  Water  con- 
contains  a  portion  of  air,  as  may  be  proved  by  boiling  it,  or  by  ex-  uuoa  air. 
posing  it  under  the  exhausted  receiver  of  the  air-pump.    To  sepa- 
rate the  air,  the  water  must  be  boiled  for  about  two  hours.  It  absorbs 
oxygen  gas  in  preference  to  atmospheric  air  or  nitrogen,  and  when 

the  air  is  expelled  by  boiling,  the  last  portions  contain  more  oxygen 
than  those  first  given  off. I 

416.  Every  gas  is  absorbed  by  water,  which  has  been  deprived  of  Abaorption 
all  or  the  greatest  part  of  its  air  by  long  boiling.  The  quantity,  °£&*fe* 
however,  which  water  is  capable  of  absorbing,  varies  considerably 
with  respect  to  the  different  gases.  Those  gases,  of  which  only  a 
small  proportion  is  absorbed,  require  violent  and  long  continued  agi- 
tation in  contact  with  water.  H.  1.253.  In  the  common  process  of 
manufacturing  soda-water  a  large  quantity  of  carbonic  acid  gas  is 
absorbed  by  the  water,  and  an  additional  portion  is  mechanically 

with  it  by  powerful  compression.^ 


•  Phil.  Trans.  1920.  t  Thenard,  Traits  dc  Giimie,  i.  432. 

t  Hamboldt  and  Gay-Lassac,  Jour,  de  Phy$.  1805. 

i  The  following  table  from  Henry's  Chemistry  shows  the  absorbability  of  different 
(rise*  by  water  deprived  of  all  its  air  by  ebullition. 
100  cubic  inches  of  such  water,  at  the  mean  temperature  and  pressure,  absorb  of 

Dalton  and  Hennr.  Stumura. 

Sulphuretted  hydrogen      -  100    cubic  inches  •  253 

Carbonic  acid    -  100       "  "  -  -  166 

Nitrons  oxide    ...  100       u  "  -  76 

defiant  gas      -      •      -  12,5     "  «'  -  -  16,3 

Oxygen     ....         3,7     "  "  -  6,6 

Carbonic  oxide  ...         1,56   "  "  -  6.2 

Nitrogen   ....         1,66  "  "  -  4,1 

Hydrogen        ...         1,56   "  "  -  4,6 

The  estimate  of  Saossnre  is  in  general  too  high.  That  of  Dalton  and  Henry  for  ni- 
ttoos  oxide  is  considerably  beyond  the  truth,  according  to  the  experiments  of  Davy.  T. 
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c»>»p-  S  Binoxide  or  Peroxide  of  Hydrogen. 

Composition. 

By  Wght.  By  Vol. 

Chem.  Symb.    Hyd.  Oxy.  Eq.iiv.  Hyd.      Oxy.      Sp.  Gr. 

H-|-20,orH       1  or  1  eq.  +  16  or2eq.  s  17       100        100        1- 452. 

Discovered  by  Theuard,  in  the  year  1818. 

There  are  two  oxides  of  barium  ;  when  the  peroxide  of  that 
metal  is  put  into  a  dilute  acid,  oxygen  gas  is  set  at  liberty,  and  the 
peroxide  is  converted  into  protoxide  of  barium  or  baryta,  which  com- 
bines with  the  acid.  The  oxygen  which  is  set  free,  unites  with  the 
hydrogen  of  the  water,  and  brings  it  to  a  maximum  of  oxidation.* 

Properties.  Perox'de  °f  hydrogen  is  a  colourless  transparent  liquid 

without  odour.  It  acts  as  a  caustic  upon  the  skin,  thickens  the  sali- 
va, and  tastes  like  certain  metallic  solutions.  It  destroys  the  colour 
of  litmus  and  turmeric  paper.  It  continues  liquid  at  all  degrees  of 
cold  to  which  it  has  hitherto  been  exposed. 

At  the  temperature  of  59°  F.  it  is  decomposed,  being  converted 
into  water  and  oxygen  gas.  It  effervesces  from  the  escape  of  oxy- 
gen at  59°  F.  and  the  sudden  application  of  a  higher  temperature, 
as  of  212°  F.  gives  rise  to  such  a  rapid  evolution  of  gas  as  to  cause 

Action  of   an  explosion.    All  the  metals  except  iron,  tin,  antimony  and  telluri- 

metals,  ura>  have  a  tendency  to  decompose  it,  converting  it  into  oxygen  and 
water ;  especially  when  the  metals  have  been  previously  reduced  to 
a  state  of  minute  division.  The  metals  which  have  a  strong  affinity 
for  oxygen  are  at  the  same  time  oxidized. 

UM>  418.  It  has  been  employed  to  remove  the  black  spots  that  paint- 

ings acquire  from  the  conversion  of  carbonate  of  lead  into  sulphuret. 
It  converts  the  black  sulphuret  into  white  sulphate  of  lead. 

Section  III.  Nitrogen. 

Symb.  Sp.  Gt.  Equit.  . 

N.  0.9727  air  sc  1  By  Vol.  100 

14.16    Hyd.=  I  "  Wght.  1415 

Discovery.      419.  This  was  first  recognised  as  a  distinct  aeriform  fluid  by 

Rutherford,  in  1772.    It  may  be  obtained  by  heating  phosphorus  in 

a  confined  portion  of  dry  air,  which  consists  of  nitrogen  and  oxygen  ; 

the  phosphorus  absorbs  the  latter,  and  the  former  gas  remains. 

Phosphorus  is  placed  in  a  small  metallic  cup,  supported  on  Fig.  137. 

a  stand  on  the  shelf  of  the  pneumatic  trough,  anu  covered 
with  a  hell  glass  the  moment  the  phosphorus  is  kindled.  f  \ 

Eight  or  tun  grains  of  phosphorus  may  be  taken  for  every 
100  cubic  inches  of  air ;  and  the  cup  containing  the  phos- 
phorus must  be  raised  to  a  proper,  height,  as  the  water  ri 


afterwards  in  tho  jar  to  supply  the  place  of  the  oxygen  re- 
How ob-  nioved  ;  after  repeated  washing  with  a  solution  of  potassa, 
tained.       it  may  be  considered  as  pure.  Or  by  inverting  a  jar  full  of 

common  air  over  a  mixture  of  equal  weights  of  iron  filings  and  sulphur 
into  a  paste  with  water.    But  this  process  requires  much  time. 

A  quicker  process  consists  in  filling  a  bottle,  about  one  fourth,  with  a  solution 
of  binoxide  of  nitrogen,  in  liquid  protosulphate  of  iron,  or  with  liquid  sulphur- 

*  From  the  complicated  nature  of  the  process  it  is  not  likely  to  be  the  subject  of 
experiment  with  the  l*ginner.  For  details  consult  the  original  memoir  of  Thenard 
Ann.  de  Chim.  el  de  Phy$.  vol.  viii.  ix.  x. ;  Ann.  of  Philos.  vol.  xiii.  and  xiv. ;  The- 
nard's  Trail*  de  Chim.  and  Turner's  Elem.  163. 
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«t  of  calcium,  and  agitating  it  with  the  air,  which  fills  the  rest  of  the  bottle.  Sect.  III. 
Dortng  the  agitation,  the  thumb  must  be  firmly  placed  over  the  mouth  of  the 
bottle  ;  and,  when  removed,  the  mouth  of  the  bottle  must  be  immersed  in  a  cup 
full  of  the  name  solution,  which  will  supply  the  place  of  the  absorbed  air.  The 
agitation  and  admission  of  fluid  must  be  renewed,  alternately,  as  long  as  any 
absorption  takes  place. 

Nitrogen  mixed  with  carbonic  acid,  may  be  procured  from  the  other  pro- 
lean  part  of  flesh  meat,  which  may  be  put  into  a  gas  bottle,  along 
with  very  dilute  nitric  acid.    By  a  heat  of  about  100°,  the  gas  is 
disengaged,  and  may  be  collected  over  water.    Its  source  is  the  ani- 
mal substance.* 

420.  One  of  the  easiest  methods  of  preparing  nitrogen,  is  to  pass  a  current  of 
chlorine  gas  through  liquid  ammonia  ;  the  ammonia  is  decomposed,  hydrochlor- 
ic arid  is  formed  from  the  union  of  tbe  chlorine  and  the  hydrogen  of  the  am- 
monia,  and  its  nitrogen  liberated.  The  arrangement  of  the  apparatus  is  shown 
ia  the  cut  annexed.!    Emmett  has  described  another  process,  which  consists  in 

Fl«.  138. 


of  ammonia  in  a  retort  with  fragments  of  zinc.  The  metal  de- 
composes the  nitric  acid  of  the  salt,  and  nitrogen  and  ammonia  are  given  off- 
*ben  collected  over  water,  the  latter  gas  is  absorbed.  The  emission  of  tbe  em 
can  be  regulated  by  using  a  small  cylinder  of  zinc  attac  hed  to  a  rod  passing 
through  the  tubulure  of  the  retort,  which  can  be  raised  or  depressed  into  the 
foaf  d  salt.* 

421.  This  gas  is  fatal  to  animal  life  and  was,  on  this  account, 
named  by  Lavoisier  Azote  or  Azotic  gas,  derived  from  the  Greek 
prirative  a  and  fcsW,  life.  This  being  but  a  negative  property,  the 
lerm  nitrogen  has  been  substituted,  because  one  of  the  most  impor- 
tant properties  of  its  base  is,  that  by  union  with  oxygen,  it  composes 
nitric  acid.  It  is  not  inflammable  ;  and  a  lighted  taper  is  extin- 
guished by  it.  Even  phosphorus  in  a  state  of  active  inflamma- 
tion is  instantly  extinguished  by  it. 

422.  When  mixed  with  pure  oxygen  gas,  in  the  proportion  of  four 
parts  to  one  of  the  latter,  it  composes  a  mixture  resembling  atmos- 
pheric air  in  all  its  properties,  and  in  which  a  taper  will  burn. 
One  hundred  cubic  inches  weigh  30.1650  grains.  T. 

423.  That  nitrogen  is  not  an  element,  but  itself  a  compound,  has 
been  long  suspected,  and  various  attempts  have  been  made  to  dis- 
cover its  ingredients.  Berzelius  has  inferred  that  nitrogen  is  com- 
pounded of  oxygen  and  an  unknown  base.  This  base,  however,  is 
purely  hypothetical ;  and  has  never  yet  been  exhibited  in  a  separate 
Hate.    Berzelius  has  proposed  for  it  the  name  of  nitricum. 

424.  Nitrogen  and  drygen. — When  nitrogen  and  oxygen  gases 
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•  It  spears  from  the  remarks  of  Daubeny,  that  nitrogen  gas  is  given  off  from  many 
asmaJ  fpriog*. -Report  on  mineral  and  thermal  waters  in  vol.  v.  of  Rep.  Brit 

Attor.  39. 

•  Johnson's  report  in  Rep.  Brit.  A$$oc  1331-2.  455. 

•  Roy.  Instil .  Jour.  I  384. 


General 
view  of  the 
com  pounds 
of  nitrogen 
and  oiy- 


Digitized  by  Google 


136 

Chap.  III. 


Atmosphe- 
ric air. 


Weight. 


Density  of 
the  atmos- 
phere indi- 
cated. 


Nitrogen  and  Oxygen. 

are  mingled  together,  no  combination  ensues.  The  result  is  a  sim- 
ple mixture  of  the  two  gases,  which  do  not,  like  inelastic  fluids, 
separate  on  standing,  but  remain  diffused  through  each  other  for  an 
indefinite  length  of  time.  When,  however,  either  one  or  both  of 
these  elements  is  in  a  condensed  state,  they  unite  and  form  com- 
pounds, distinguished  by  very  striking  properties.  According  to  the 
proportions  in  which  the  oxygen  and  nitrogen  exist  in  these  com- 
pounds, their  qualities  undergo  a  remarkable  variation  ;  so  that  from 
two  elementary  bodies,  variously  united,  we  have  several  compounds, 
totally  unlike  each  other  in  external  qualities,  as  well  as  in  their 
chemical  relations. 

425.  Nitrogen  and  oxygen  are  the  two  most  important  constitu- 
ents of  the  atmosphere  ;  the  thin,  transparent  and  elastic  fluid  which 
surrounds  our  planet. 

426.  The  atmosphere  reaches  to  a  considerable  height,  probably 
about  45  miles.*  It  may  be  diminished  in  volume  to  a  great  extent 
by  compression. 

That  air  is  a  ponderous  body,  was  first  suspected  by  Galileo, 
who  found  that  a  copper  ball,  in  which  the  air  had  been  condensed, 
weighed  heavier  than  when  the  air  was  in  its  ordinary  state  of  ten- 
sion.   The  fact  was  afterwards  demonstrated  by  Toricelli. 

In  1643,  he  filled  a  glass  tube,  three  feet  long,  and  closed  at  one 
end  with  quicksilver,  and  inverted  it  in  a  basin  of  the  same  fluid  ; 
he  found  that  the  mercury  fell  about  six  inches,  so  that  the  atmos- 

5 here  appeared  capable  of  counterbalancing  a  column  of  mercury 
0  inches  in  height.  The  empty  space,  in  the  upper  part  of  the 
tube,  has  hence  been  called  the  Torricellian  vacuum,  and  is  the 
most  perfect  that  can  be  formed. 

Paschal  and  Toricelli  afterwards  observed,  that  upon  ascending  a 
mountain,  the  quicksilver  fell  in  the  tube,  because  there  was  less  air 
above  to  press  upon  the  surface  of  the  metal  in  the  basin ;  and  thus 
a  method  of  measuring  the  heights  of  mountains  by  the  barometer, 
as  the  instrument  is  now  called,  was  devised. 

427.  The  barometer  indicates,  by  its  rise  and  fall,  a  corresponding 
change  in  the  density  of  the  atmosphere.t  At  the  surface  of  the 
earth,  the  mean  density  or  pressure  is  considered  equal  to  the  sup- 
port of  a  column  of  quicksilver  30  inches  high.t 

*  See  Wollaston  "  on  the  Finite  Extent  of  the  Atmosphere."— Bost.  Jour.  1.  15. 

t  From  causes  at  present  noi  understood,  the  pressure  varies  at  the  same  place. 
On  this  depend  the  indications  of  the  barometer  as  a  weather-glass  ;  the  weatner  is 
commonly  fair  and  calm  when  the  barometer  is  high,  and  usually  wet  and  stormy 
when  the" mercury  falls. 

Inches. 

t  At  1000  feet  above  the  surface  the  column  falls  to  28,91 
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428.  The  general  mechanical  properties  of  the  air  are  best  illus-  s»ct.  m. 
trated  by  the  air  pump,*  the  construction  of  which  much  resembles  Air-pump, 
that  of  the  common  pump  used  for  raising  water,  excepting  that  all 

the  parts  are  more  accurately  and  nicely  made,  the  object  being  to 
exhaust  the  air  as  completely  and  expeditiously  as  possible. t 

429.  The  specific  gravity  of  atmospheric  air,  at  mean  temper-  Specific 
ature  and  pressure,  that  is,  the  thermometer  being  at  60°,  and  the  graT»7- 
barometer  at  30  inches,  is,  usually  considered  as  =  1.    It  is  about 

S15  times  as  light  as  its  bulk  of  water,  100  cubical  inches  weighing 
31,0117  grains. 

430.  Atmospheric  air  has  already  been  stated  to  consist  essen- 
tially of  oxygen  and  nitrogen  gases :  whether  it  should  be  consider- 
ed a  mere  mixture  or  a  chemical  compound,  is  a  question  which  has 

been  much  discussed. t    The  oxygen  seems  to  be  the  only  ingre-  Chemical 
dient  on  which  the  effects  of  the  air,  as  a  chemical  agent,  depend. 
Hence  combustible  bodies  burn  in  atmospheric  air,  only  in  conse-  oxygen, 
quence  of  the  oxygen  gas  which  it  contains  ;  and  when  this  is  ex- 
hausted, air  is  no  longer  capable  of  supporting  combustion.  Its 
analysis  is  satisfactorily  demonstrated  by  the  action  of  heated  mer- 
cury, but  the  process  is  tedious.^    By  exposure,  during  12  days  to  Lavoisier's 
mercury  heated  in  a  retort,  a  given  quantity  of  atmospheric  air  was'*!*'*- 
foand  to  be  diminished  in  bulk,  and  to  have  lost  its  property  of  sup- m<n 
porting  combustion.    The  mercury  was  changed  into  red  scaly  par- 
ticles, and  it  had  acquired  an  increase  of  weight.    When  these  red 
particles  were  submitted  to  heat,  in  a  retort,  oxygen  gas  was  evolved 
equal  in  bulk  to  what  the  air  had  lost  in  the  first  part  of  the  experi- 
ment. 

431.  There  are  various  ways  of  learning  the  proportion  which 
the  oxygen  bears  to  the  nitrogen  ;  and  as  the  relative  fitness  of  the 
air  for  breathing  has  sometimes  been  considered  as  depending  upon 
the  quantity  of  oxygen  contained  in  a  given  volume,  the  instruments 

used  in  these  experiments  have  been  called  eudiometers.  Eodiome- 

432.  From  facts  already  stated  it  is  obvious,  that  if  atmospheric  »"7. 
air,  mixed  with  a  certain  quantity  of  hydrogen,  be  detonated  by  the 
electric  spark,  the  absorption  will  be  proportionate  to  the  quantity  of 
oxygen  present. 

When  100  measures  of  pure  hydrogen  are  mixed  with  100  of 
pure  oxygen,  the  diminution  of  bulk  after  detonation  will  amount  to 
160  parts,  that  is,  one  volume  of  oxygen  requires  for  its  saturation 
two  of  hydrogen.  If  we  introduce  into  the  graduated  detonating 
tube  (Fig.  106)  300  measures  of  common  air,  and  200  of  pure  hy- 
drogen, there  will  remain,  after  detonation,  305  measures  ;  so  that 
1^5  measures  will  have  disappeared,  of  which  one  third  may  be  es- 
timated as  pure  oxygen  ;  hence  300  parts  of  air  have  thus  lost  65  of 
oiygen,  or  about  21  per  cent. 

433.  The  general  rule,  therefore,  for  estimating  the  purity  of  air  General 
by  hydrogen  gas  may  be  stated  as  follows : — Add  to  3  measures  of  ™l* 
the  air  under  examination  2  measures  of  pure  hydrogen  ;  detonate ; 

•  See  Frontispiece.  t  See  statement  in  Turner,  171. 

t  foe  Camb.  Mechanics,  page  403-      «  See  Lavoisier's  Element*,  chap.  iii. 
18 


Digitized  by  Google 


Nitrogen  and  Oxygen. 

Chap,  in.  and,  when  the  vessel  has  cooled,  observe  the  absorption ;  divide  its 
amount  by  3,  and  the  quotient  is  the  quantity  of  oxygen. 

434.  Upon  the  same  principle,  detonation  of  mixtures  of  oxygen 
other7  °fe-anc*  hydrogen  is  often  resorted  to,  with  a  view  of  ascertaining  the 
Q8c"umf-e*  purity  of  those  gases. 

«i-  To  ascertain  the  purity  of  hydrogen,  it  may  be  detonated  with 

excess  of  pure  oxygen. 

Thus,  if  we  add  100  of  puro  oxygen  to  100  of  hydrogen,  and  detonate,  there 
will  be  a  diminution  equal  to  two  thirds,  or  150  parts  if  the  hydrogen  be  pure. 
If,  however,  we  suppose  100  of  pure  oxygen,  mixed  with  100  of  hydrogen,  to 

Eroduce,  aftYr  detonation,  a  residue  of  bO  measures,  the  diminution  will  then 
ave  been  ouly  120  measures,  of  which  two  thirds,  or  80  measures,  are  hydro- 
gen ;  so  that  the  inflammable  gas  will  have  contained  20  per  cent,  of  some 
other  gaseous  body,  not  condensable  by  detonation  with  hydrogen.* 

435.  This  mode  of  ascertaining  the  purity  of  atmospheric  air 
Eudiome-  Was  first  resorted  to  by  Volta,  and  it  is  susceptible  of  great  accura- 
ero    o^cy^  sjnce  pUre  hydrogen  and  pure  oxygen  are  easily  procurod.t 


138 


♦  For  a  particular  description  of  several  points  in  cudiometry,  see  Faraday's  Chan. 
Manip.  sect.  xvii.  paragraph  919,  &c. 

t  In  the  eudiometer  of  Ure,  the  atmospheric  air,  the  most  elastic  and  economical  of 
all  springs,  is  employed  to  receive  and  deaden  the  recoil.  This  eudiometer  consists 
of  glass  syphon  (Fig-  139),  having  an  interior  diameter  of  from  2-luths  to  4-l0ths 
of  an  inch.  Its  legs  are  of  nearly  equal  length,  each  being  from  six  to  nine  inches 
long.  The  open  extremity  is  slightly  funnel-shaped,  the  other  hermetically  sealed ; 
and  has  inserted  near  it,  by  the  blow-pipe,  two  platinum  wires. 
The  outer  end  of  the  one  wire  is  incurvated  across,  so  ns  nearly 
to  touch  the  edge  of  the  aperture  .  that  of  the  other  is  lormed 
into  a  little  hook,  to  allow  a  frmnll  spherical  button  to  be  at- 
tached to  it  when  the  electrical  spark  is  to  he  transmitted.  The 
two  legs  of  the  syphon  are  from  one-fourth  to  one-half  inch  as- 
under. The  seafed  leg  is  graduated  by  introducing  successive- 
ly equal  weights  of  mercury  from  a  measure  glass  tube.  Sev- 
en ounces  troy  and  66  grains,  occupy  the  space  of  a  cubic  inch  ; 

and  34  1-4  grains  represent  part  of  that  volume.  The 
other  leg  may  be  graduated  also,  though  this  is  not  necessary. 

To  use  this  instrument,  we  first  fill  the  whole  syphon  with  mercury  or  water ;  the 
open  leg  is  then  plunged  into  a  pneumatic  trough,  and  any  convenient  quantity  of  the 
gases  is  introduced  from  a  glass  measure  tube  containing  them  in  determinate  pro- 
portions. Applying  the  finger  to  the  orifice  we  next  remove  it  from  the  trough,  like  a 
simple  tube,  and  by  a  little  dexterity  transfer  the  gas  into  the  sealed  leg  of  the  sy- 
phon. When  we  conceive  enough  has  been  passed  up,  the  finger  is  removed  and  the 
mercury  brought  to  a  level  in  both  legs,  either  by  the  addition  of  a  few  drops,  or  by 
the  displacement  of  a  portion,  hy  thrusting  down  into  it  a  small  cylinder  of  wood. 
We  now  ascertain,  by  careful  inspection,  the  volume  of  included  gas.  Applying  the 
forefinger  again  to  the  orifice,  so  as  also  to  touch  the  end  of  the  platinum  wire,  we 
then  approach  the  ball  to  the  electrical  machine,  and  transmit  a  spark,  hut  a  slight 
push  or  pressure  on  the  tip  of  the  finger  is  felt,  even  when  the  gas  is  in  considerable 
quantity  and  of  a  strongly  explosive  power-  After  explosion  on  gradually  sliding 
the  finger  to  one  side  and  admitting  the  air,  the  mercurial  column  in  the  sealed  leg 
will  rise  more  or  less  above  that  in  the  other.  The  equilibrium  is  then  restored  by 
adding  mercury,  when  we  read  ofi",  without  any  reduction,  the  true  resulting  volume 
of  gas  As  two  inches  or  more  of  air  should  always  be  left  between  the  finger  and 
the  mercury,  this  atmospheric  column  serves  as  a  perfect  recoil  spring,  enabling  us 
to  explode  very  large  quantities  without  danger. 

We  may  analyze  the  residual  gaseous  matter,  by  introducing,  either  a  liquid  or  solid 
re-agent.  We  first  fill  the  open  leg  nearly  to  the  brim  with  quicksilver,  and  then 
place  over  it  the  substance  whose  action  on  the  gas  we  wish  to  try.  If  liquid,  it  may 
be  passed  round  into  the  sealed  leg  among  the  gas;  but  if  solid  the  gas  must  be 
brought  round  into  the  open  leg,  its  orifice  having  been  previously  closed  with  a  cork 
or  stopper.  After  a  proper  interval  the  gas  having  been  transferred  back  into  the 
graduated  tube,  the  change  of  its  volume  may  be  accurately  determined. — Ure's  Did. 
AAO—Edin.  Phil.  Trans.  1818.— See,  also,  Faraday,  p.  434.  Several  new  eudiome- 
ters have  been  described  by  Hare,  in  the  Amcr.  Jour,  of  Sci.  vols.  ii.  and  x. 
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436.  Instead  of  electricity,  spongy  platinum  may  be  employed  for  Sect,  m. 
causing  the  union  of  oxygen  and  hydrogen  gases  ;  and  while  its  in- Analysis 
dications  are  very  precise,  it  has  the  advantage  of  producing  the  ef-  wila  P*aU* 
feci  gradually  and  without  detonation.    The  most  convenient  mode  nurn' 

of  employing  it  with  this  intention  is  the  following : 

A  mixture  of  spongy  platinum  and  pipe-clay,  in  the  proportion  of  about  Process, 
three  parts  of  the  former  to  one  of  the  latter,  is  made  into  a  paste  with  water, 
and  then  rolled  between  the  fingers  into  a  globular  form.  In  order  to  pre- 
serve the  spongy  texture  of  the  platinum,  a  little  hydrochlorate  of  ammonia 
is  mixed  with  the  paste  ;  and  when  the  ball  has  become  dry,  it  is  cautiously 
ignited  at  the  flame  of  a  spirit-lamp.  The  sat  ammoniac,  escaping  from  all 
parts  of  tho  mass,  gives  it  a  degree  of  porosity  which  is  peculiarly  favourable 
to  its  action.  The  ball,  thus  prepared,  should  be  protected  from  dust,  and  be 
heated  to  redness  just  before  being  used. 

To  insure  accuracy,  the  hydrogen  employed  should  be  kept  over 
mercury  for  a  few  hours  in  contact  with  a  platinum  ball  and  a  piece 
of  caustic  potassa.  The  first  deprives  it  of  traces  of  oxygen  which 
it  commonly  contains,  and  the  second  of  moisture  and  hydrosulphu- 
ric  acid.  The  analysis  must  be  performed  in  a  mercurial  trough. 
The  time  required  for  completely  removing  the  oxygen  depends  on 
the  diameter  of  the  tube.  If  the  mixture  is  contained  in  a  very 
narrow  tube,  the  diminution  does  not  arrive  at  its  full  extent  in  less 
than  twenty  minutes  or  half  an  hour  ;  while  in  a  vessel  of  an  inch, 
in  diameter,  the  effect  is  complete  in  the  course  of  five  minutes.* 

437.  Wheu  nitric  oxide  gas  (binoxide  of  nitrogen)  and  atmos-  ^xllhoP.  * 
pheric  air  are  mixed,  there  is  a  production  of  nitrous  acid,  in  conse- 
quence of  the  union  of  oxygen  with  the  oxide  ;  and  if  the  mixture 

be  made  over  water,  an  absorption  ensues.  Upon  this  principle 
this  gas  was  used  in  eudiometrical  experiments,  by  Priestley  and 
Cavendish. t  There  are,  however,  several  sources  of.  error  for 
which,  and  the  precautions  required  to  ensure  accuracy,  see  Bi?i(xri/ie 
of  Nitrogen,  X  (454.) 

438.  If  a  stick  of  phosphorus  be  confined  in  a  portion  of  atmos-  Lavoi- 
pheric  air  it  will  slowly  absorb  the  oxygen  present.    The  rapid  sier's,  &c. 
combustion  of  the  same  substance  may  also  be  conveniently  resort- 
ed to.     These  eudiometrical  methods  were  used  by  Lavoisier, 
Berthollet,  and  Seguing  Uniformity 

439.  The  analyses  of  atmospheric  air,  collected  at  various  eleva-  \n  compo- 
tions  and  in  different  latitudes,  show  that  the  proportion  of  oxygen  sitiooofair. 
is  between  20  and  21  volumes,  and  of  nitrogen  79  or  80.    The  av- 
erage of  a  number  of  analyses  by  Hare's  eudiometer,  gave  the  pro- 
portion of  oxygen  at  20,66  per  cent.    The  air  which  Gay-Lussac 
brought  from  an  altitude  of  21,735  feet  above  the  earth,  had  the 

same  composition  as  that  collected  near  its  surface.  But  Faraday 
found  a  decided  difference  between  the  air  from  the  arctic  regions 
and  that  of  London.  Dalton  has  inferred  that  the  proportion  of 
oxygen  to  nitrogen  in  the  air  on  the  surface  of  the  earth,  is  not  pre- 


*  See  Henry's  Essay  in  PhUo$.  Trans.  1824.— Henry's  Chemistry,  I.  237. 

1  Phil.  Tran*.  1783.  t  See  Dalton 's  Remarks,  Phil.  Mag.  Vol.  xxi'ni.  For 
the  details  of  this  process  see  Henry's  Chemistry,  vol.  1.  p.  312,  edit.  10th. 

5  Ann.  de  Chim.  torn.  ix.  and  xxxiv. 
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cisely  the  same  at  all  places  and  times,  and  that  in  elevated  regions, 
the  proportion  is  somewhat  less. 

The  miasmata  of  marshes  and  the  effluvia  of  infected  places,  are 
supposed  to  owe  their  noxious  qualities  to  some  peculiar  subtle  prin- 
ciple, and  not  to  a  deficiency  of  oxygen.* 

440.  Though  oxygen  and  nitrogen  are  the  essential  component 
parts  of  atmospheric  air,  it  contains  other  substances,  which,  however, 
may  be  regarded  as  adventitious,  and  the  quantity  of  which  is  liable 
to  vary  :  of  these,  carbonic  acid  and  aqueous  vapour  are  the  most  im- 
portant and  constant.  The  quantity  of  the  former  may  usually  be 
considered  as  amounting  to  less  than  1  per  cent. 

441.  The  presence  of  aqueous  vapour  in  the  atmosphere  is  shown 
in  a  variety  of  ways,  but  most  easily  by  exposing  to  it  certain  de- 
liquescent substances  which  liquefy  and  increase  in  weight,  in  con- 
sequence of  its  absorption. t 

The  quantity  of  water  contained  in  air  and  gases  is  subject  to  va- 
riation. From  the  experiments  of  Saussure  and  Dalton,  it  appears 
that  100  cubic  inches  of  atmospheric  air  at  67°,  are  capable  of  re- 
taining 0,35  grains  of  watery  vapour  ;  in  this  state  the  air  may  be 
considered  at  its  maximum  of  humidity:  it  would  also  appear  that 
all  the  gases  take  up  the  same  quantity  of  water  when  under  similar 
circumstances,  and  that  it  consequently  depends,  not  upon  the  den- 
sity or  composition,  but  upon  the  bulk  of  the  gaseous  fluid. 

442.  Berthollet  considered  that  the  elements  of  the  air  are  retain- 
ed together  by  chemical  attraction ;  but  Dalton  maintains  that  they 
are  merely  mechanically  mixed,  and  proved  that  gases  mingle  me- 
chanically that  have  no  attraction,  and  that  even  carbonic  acid  rises 
through  a  small  tube  into  a  bottle  of  hydrogen  placed  above  it. 
though  much  heavier,  a  corresponding  quantity  of  hydrogen  des- 
cending into  the  carbonic  acid  bottle.  This  proves  a  power  of  diffu- 
sion among  the  gases.  Dalton  concluded  that  particles  of  the  same 
gases  repel  each  other,  but  that  those  of  different  gases  do  not,  and 
that  one  gas  acts  as  a  vacuum  to  another,  though  they  diffuse  them- 
selves more  slowly  through  each  other  than  in  a  vacuum. 

443.  Graham  has  ascertained  that  each  gas  has  a  dijfusirmns  pe- 
culiar to  itself,  which  is  inversely  proportional  to  the  square  root  of 
its  density,  and  has  drawn  up  tables  representing  their  diffusive  pow- 
er, air  being  taken  as  a  standard  of  comparison.!  He  used  a  tube 
with  the  gas  under  examination,  open  at  one  end,  and  closed  with 
plaster-of-paris  at  the  other,  the  diffusion  taking  place  readily 
through  the  pores  of  this  substance  when  moderately  dry  ;  it  also 
lakes  place  through  membranes,  small  cracks  in  glass  vessels,  and 
through  numerous  porous  bodies.^    From  all  these  considerations, 


*  According  to  Prout  there  was  a  peculiar  state  of  the  air  daring  the  prcTaJence  of 
the  cholera  in  London,  in  1833.   See  Reports  of  Iird.  A* toe.  1632. 

t  As  the  ifases  in  general,  unlets  artificially  dried,  also  contain  vapour,  it  is  neces- 
sary, in  delfcate  experiments,  and  in  aaeertaimng  their  specific  gravity,  to  take  tin* 
ingredient  into  the  account,  or  to  separate  it  by  proper  means,  such  as  exposure  to  very 
deliquescent  substances,  among  which  fused  chloride  of  calcium  is  especially  useful. 

*  Phil.  Trans.  Edin.  1831. 

§  See  Mitchell's  experiments  m  Amsr.  Jour.  Med.  Sci-  »u.  36. 
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Dalton's  view  of  the  constitution  of  the  air  is  now  generally  adop-  Soo-iir. 
ted.  R.  54. 

444.  Hygrostopes  and  Hygrometers  are  instruments  which  show 

the  presence  of  water  in  the  air,  its  variation  in  quantity,  and  its  Hygrome- 
actual  quantity  existing  in  a  given  bulk  of  air  at  any  given  time.  tew. 
Daniell's  hygrometer  shows  the  constituent  temperature  of  the  mois- 
ture in  the  atmosphere,  by  its  precipitation  upon  a  cold  surface.t 

445.  Since  oxygen  is  necessary  to  combustion,  to  the  respiration  Lowofox- 
of  animals,  and  to  various  other  natural  operations,  by  all  of  which  ygen,  how 
that  gas  is  withdrawn  from  the  air,  it  is  obvious  that  its  quantity  ™ 
would  gradually  diminish,  unless  the  tendency  of  those  causes  were 
counteracted  by  some  compensating  process.    The  only  source  by 
which  oxygen  is  known  to  be  supplied,  is  the  action  of  growing  veg- 
etables.   A  healthy  plant  absorbs  carbonic  acid  during  the  day,  ap- 
propriates the  carbonaceous  part  of  that  gas  to  its  own  wants,  and 
evolves  the  oxygen  with  which  it  was  combined.  During  the  night, 
indeed,  an  opposite  effect  is  produced.    Oxygen  gas  then  disappears, 
and  carbonic  acid  is  eliminated ;  but  it  follows  from  the  experiments 
of  Priestley,  Davy,  and  Daubeny,  that  plants  during  24  hours  yield 
more  oxygen  than  they  consume.    Whether  living  vegetables  make 
a  full  compensation  for  the  oxygen  removed  from  the  air  by  the  pro- 
above  mentioned,  is  uncertain. 


Nitrogen  and  Oxygen.    Protoxide  of  Nitrogen — Nitrous  Oxide. 

Compilation.  % 
Symb.  Sp.  Gr.  Nit.  Ory.  Chem.  Equiv. 

N  +  OorN     1.5239    Air  s=l      By  Vol.      100        +     60  100 

22.15     Hyd.  =1        "  Wght.     14.15     -J-      8  22.15 

446.  This  gas  was  termed,  by  its  discoverer,  Priestley,  depklogisti- 
cated  nitrous  air  ;  by  the  Dutch  chemists  gaseous  oxide  of  azote. 
It  is  obtained  by  several  processes,  but  that  most  usually  adopted  is 
the  following.  The  salt  obtained  by  neutralizing  nitric  acid  with 
carbonate  of  ammonia,  called  Nitrate  of  AmmoniaX  is  heated  in  a 
glass  retort.  When  all  the  salt  is  liquefied,  it  should  be  kept  gently 
simmering,  avoiding  violent  ebullition.  The  temperature  should  not 
be  raised  above  500°  F.  If  a  white  cloud  appears  within  the  retort, 
due  to  some  of  the  salt  subliming  undecomposed,  the  heat  should  ^JJJ** 
be  checked. $  The  management  of  the  heat  is  to  be  carefully  at*  ' 
tended  to ;  when  the  heat  is  too  great,  the  gas  is  apt  to  be  im- 
pure. 

447.  The  gas  may  be  collected  over  water  and  allowed  to  stand  Collected 
an  hour  or  two  before  it  is  used,  during  which  time  it  will  deposit  a  0Ter  Witer> 


t  See  Quart.  Jowr.  Sci.  rolt.  viii.  ix.  x. 
X  See  Nitrate  of  Ammonia. 

§  A  chauffer  with  ignited  charcoal  affords  the  hest  beat,  and  the  retort  is  less  liable 
to  he  broken  than  when  a  lamp  is  employed.  An  iron  or  tin  plate  will  be  (band  use- 
ful to  check  the  ebullition  if  too  great,  as  it  can  be  interposed  between  the  chauffer 
and  the  retort,  and  withdrawn  at  pleasure. 
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Ch«p.  in.  white  substance  and  become  transparent.  When  a  large  quantity  is 
wanted,  it  may  be  received  in  a  gasholder,  and  much  gas  will  be 
saved  if  the  vessel  be  filled  with  water  which  has  been  once  used 
for  the  sume  purpose. 
Theory  of  44S.  The  products  of  this  operation,  when  carefully  conducted, 
ihe  procew.  are  water  and  protoxide  of  nitrogen.  The  nature  of  the  change 
will  be  understood  by  comparing  the  composition  of  nitrate  of  am- 
monia with  that  of  the  products  derived  from  it.  These,  in  round 
numbers,  are  as  follows : 

Nitric  Acid.  Ammonia.  Walir.  Prot.  of  XUragcn. 

Nitrogen  14  or  1  cq.  Nitrogen  14  or  1  eq. 
Oxygen  40  or  5  cq.  Hydrogen  3  or  3  cq. 


Hyd.  3  or  3  eq.  Nit.  28  or  2  cq. 
Oxy.  24  or  3  eq.     Oxy.  16  or  8  eq. 


54  17  27 

The  same  expressed  in  symbols  is 

N+50;  N+3H;       |        3(H+0) ;  2(N+0). 

The  hydrogen  in  the  ammonia  takes  so  much  oxygen  as  is  suffi- 
cient for  forming  water,  and  the  residual  oxygen  converts  the  nitro- 
gen both  of  the  nitric  acid  and  of  the  ammonia  into  protoxide  of  ni- 
trogen :  71  grains  of  the  salt  will  thus  yield  44  grains  of  protoxide 
of  nitrogen  and  27  of  water. 
Prop«rtie».  449.  Protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not 
affect  the  blue  vegetable  colours,  even  when  mixed  with  atmospheric 
air.  Recently  boiled  water,  which  has  cooled  without  exposure  to 
the  air,  absorbs  nearly  its  own  bulk  of  it  at  60°  F.  and  gives  it  out 
^rain  unchanged  by  boiling.  The  solution,  like  the  gas  itself,  has 
a  faint  agreeable  odour  and  sweet  taste.  The  action  of  water  affords 
a  ready  means  of  testing  its  purity ;  removing  it  readily  from  all 
other  gases,  such  as  oxygen  and  nitrogen,  which  are  sparingly  ab- 
sorbed by  that  liquid. 
May  bete-  4f50.  Davy  discovered  that  this  gas  may  be  taken  into  the  lungs 
•pired.  with  safety,  and  that  it  supports  respiration  for  a  few  minutes*  A 
few  deep  inspirations  of  it  are  followed  by  feelings  of  excitement, 
similar  to  the  early  stages  of  intoxication.  The  experiment,  how- 
ever, cannot  be  made  with  impunity  by  all  persons,  especially  by 
those  who  are  liable  to  a  determination  of  blood  to  the  head.t 
comLua*  ^rolox,^e  °f  nitrogen  supports  combustion,  and  a  taper  in- 

tion.  troduced  into  it  has  its  flame  much  augmented  and  surrounded  by  a 
purplish  halo.  Phosphorus  and  sulphur,  when  introduced  in  a  state 
of  vivid  ignition  into  this  gas.  burn  with  the  same  appearance  nearly 
as  in  oxygen;  but,  if  when  put  into  the  gas,  they  are  merely  burn- 
ing dimly,  they  do  not  decompose  it  and  are  extinguished,  so  that 
they  may  be  melted  in  the  gas,  or  even  touched  with  a  red-hot  wire 
without  inflaming,  (but  when  wire  intensely  heated,  or  made  white- 
hot,  is  applied,  the  phosphorus  burns,  or  rather  detonates,  with  pro- 
digious violence.  H.)  Charcoal,  and  many  of  the  metals,  also  de- 
compose protoxide  of  nitrogen  at  high  temperatures. 
Detotiafa  452.  A  mixture  of  this  gas  with  an  equal  bulk  of  hydrogen  gas 
wuh hydro-  delonales>  on  applying  a  lighted  taper,  or  passing  an  electric  spark. 

•  Researches  on  the  nitrous  oxide. 

t  See  report  of  remarkable  caaea  jn  Amer.  Jour.  vol. 
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and  is  decomposed  also  by  spongy  platinum  at  common  tempera-  8<,Ct.  hi. 
tures.    The  product  of  the  combustion  is  the  same  as  when  oxygen 
Eras  or  atmospheric  air  is  used.    The  protoxide  is  decomposed  ;  the 
combustible  matter  unites  with  its  oxygen,  and  the  nitrogen  is  set 
free. 

453.    At  a  red  heat  this  gas  is  decomposed  and  converted  into  Decompo- 
nitrogen,  oxygen  and  nitrous  acid.#    It  was  analyzed  by  Davy,  by  silion- 
means  of  hydrogen  gas.    He  mixed  39  measures  of  the  former  with 
40  measures  of  hydrogen,  aud  fired  the  mixture  by  the  electric 
spark.    Water  was  formed  ;  and  the  residual  gas,  which  amounted 
to  41  measures,  had  the  properties  of  pure  nitrogen.    As  40  mea- 
sures of  hydrogen  require  20  of  oxygen  for  combustion,  it  follows 
that  39  volumes  of  the  protoxide  of  nitrogen  contain  41  of  nitrogen 
and  20  of  oxygen.    According  to  Gay-Lussac's  law  of  gaseous  com- 
bination, it  may  be  inferred  that  protoxide  of  nitrogen  contains  its  Analysis, 
own  bulk  of  nitrogen  and  half  its  volume  of  oxygen.    The  analy- 
sis of  this  compound  by  Henry,t  by  means  of  carbonic  oxide  gas, 
has  proved  beyond  a  doubt  that  this  is  the  exact  proportion.  Now, 
100  cubic  inches  of  nitrogen  gas  weigh  -  30.1650  grains 

50       do.  oxygen      ....         17.0936  " 

These  numbers  added  together  amount  to         -  47.2586 

which  must  be  the  weight  of  100  cubic  inches  of  the  protoxide ;  and 
its  specific  gravity  is,  therefore,  1.5239.  Its  composition  by  weight 
is  determined  by  the  same  data,  being  17.0936  of  oxygen  to  30.1650 
of  nitrogen,  or  as  8  to  14.117,  nearly  the  number  already  sta- 
ted. T. 


Binoxide  of  Nitrogen — Nitric  Oxide. 


Composition. 

£)>.  Gr.  Nit.  Oiy.  Chem.  Equiv. 

1,0375    air  =1    By  Vol.     100       +     100    =  200 
i.=l  " 


16 


30.15 


Symb. 
H+20  or  N 

15.76    Hyd.=l    "  Wght.     14.16  + 

454.  This  gas,  discovered  by  Hales,  was  first  examined  by  Priest- 
ley, and  called  by  him  nitrous  air  a  term  afterwards  changed  to  ni- 
trous gas,  then  to  nitric  oxide,  and  more  lately  to  Binoxide  of  Nitro- 
gen, which  last  appears  to  be  its  most  appropriate  title.  It  is  more 
generally  known,  however,  under  the  name  of  nitrous  gas. 

455.  It  is  usually  obtained  by  presenting  certain  substances  to  ni- 
tric acid,  which  abstract  a  portion  of  its  oxygen,  leaving  the  remain- 

ing  elements  in  such  proportions  as  to  constitute  the  gas  in  ques-  "i°0,J!do'>' 
tion  ;  for  this  purpose  copper  may  be  put  into  a  gas  bottle,  (Fig.  87) 


*  For  experiments  of  this 
kind  the  following  simple 
apparatus  may  be  used  :  It 
consists  of  two  bladders, 
fFig.  140.)  one  of  which  is 
filled  with  the  gas,  and  the 
other  empty,  attached  to  the 


Fig.  140. 


^ r  /  '  — . •   —   -wr  II 

extremities  of  a  porcelain  tube  which  traverses  the  body  of  a  furnace, 
dens  are  supplied  with  stop-cocks,  and  the  gas  is  squeezed  from  one  to 
when  the  tube  is  red  hot. 

t  Ann.  qf  Phil.  viii.  299,  N.  S. 


The  blad- 
the  other 
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Effect  of 


Qh*p.  hi.  with  nitric  acid,  diluted  with  thrice  its  bulk  of  water ;  an  action  en- 
sues, red  fumes  are  produced,  and  there  is  a  copious  evolution  of 
the  gas,  which  may  be  collected  and  preserved  over  water.  The 
first  portions  should  be  rejected.  It  is  presently  recognised  by  the 
red  fumes  which  it  produces  when  brought  into  the  contact  of  air. 
During  this  process  part  of  the  nitric  acid  gives  oxygen  to  the  cop- 
Theory  of  per;  and  passes  to  the  state  of  binoxide  of  nitrogen,  the  remaining 
the  process.  acjd  unites  with  the  oxide  of  copper,  and  composes  a  nitrate  of  that 
metal. 

Quicksilver  may  be  substituted  for  the  copper  ;  but  in  the  latter 
case  it  will  be  found  necessary  to  apply  heat  to  the  materials. 

456.  When  mixed  with  oxygen  gas  red  fumes  arise,  heat  is  evolv- 
ed, a  diminution  takes  place,  and  if  the  two  gases  be  in  proper  pro- 
portion, and  perfectly  pure,  they  disappear  entirely.  The  product  of 
this  union  is  possessed  of  acid  properties,  which  may  be  shown  by 
the  following  experiments. 

1 .  Paste  a  slip  of  litmus  papor  within  a  class  jar,  near  the  bottom  ;  and  i 
jar,  tilled  with  and  inverted  in  water,  admit  as  much  of  the  gas,  previously 
washed,  as  will  displace  the  water  below  the  level  of  the  paper.    The  o 
of  the  litmus  will  remain  unchanged  ;  but  on  adding  oxygen  gas  it  will  be  im- 
mediately reddened. 

2.  Pass  up  into  a  jar  filled  with  the  vegetable  infusion,  (5C  Note)  a  quantity  of 
oxygen  gas  sufficient  to  displace  about  one  half  of  the  infusion  ;  to  this  admit 
binoxide  of  nitrogen,  absorption  and  reddening  will  ensue. 

Analysis.      457.  Binoxide  of  nitrogen  is  rather  heavier  than  common  air. 

It  is  partially  resolved  into  its  elements  by  being  passed  through  red- 
hot  tubes.  A  succession  of  electric  sparks  has  a  similar  effect.  It 
is  converted  into  protoxide  of  nitrogen  by  substances  which  have  s 
strong  affinity  for  oxygen.  Davy  ascertained  its  composition  by  the 
combustion  of  charcoal.*  Two  volumes  of  the  binoxide  yielded  one 
volume  of  nitrogen,  and  about  one  of  carbonic  acid,  whence  it 
was  inferred  to  consist  of  equal  measures  of  oxygen  and  nitrogen 
gases  united  without  any  condensation.  Gay-Lussac  also  proved 
that  this  proportion  is  exact.  He  decomposed  100  measures  of  the 
gas,  by  heating  potassium  in  it ;  when  50  measures  of  pure  nitro- 
gen were  left,  and  the  potassa  formed  corresponded  to  50  measures 
of  oxygen.  The  same  fact  has  been  lately  proved  by  Henry.t 
Hence,  as 

50  cubic  inches  of  oxygen  gas  weigh       -      -       17.0936  grains. 
50       do.  nitrogen        -  -      -      15.0825  " 


100  cubic  inches  of  the  binoxide  must  weigh  32.17G1 

Its  composition  stated  at  page  143  is  drawn  from  these  facts.  Its 
density  ought  to  be  1.0375,  which  closely  agrees  with  the  direct  ex- 
periments of  Davy,  Thomson,  and  Berard.  T. 

458.  When  washed  with  water  it  is  not  acid.  Water  absorbs 
the  binoxide  sparingly  ;  100  measures  of  that  liquid,  cold  and  re- 
cently boiled,  take  up  about  11  of  the  gas.  It  extinguishes  most 
burning  bodies;  but  phosphorus  readily  burns  in  it  if  introduced  in 
intense  ignition.  It  is  quite  irrespirable,  exciting  strong  spasms  of 
the  glottis,  as  soon  as  an  attempt  is  made  to  inhale  it.  The  experi- 
ment, however,  is  a  dangerous  one. 

Chan.  Phil.  p.  200.        t  jinn,  of  Phil.  N.  S.  tuj.  709. 
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469.  It  is  decomposed  by  exposure  to  almost  all  bodies  that  attract  s<*.  in, 
oxygen  ;  thus  iron  filings  decompose  it,  and  become  oxidized,  afford-  Decompose 
ing  a  proof  of  the  presence  of  oxygen  in  it.    During  this  process, t,on' 
water,  ammonia,  and  protoxide  of  nitrogen  are  generated.  Mixed 
with  sulphurous  acid,  it  is  decomposed,  and  this  acid  is  changed  into 
the  sulphuric,  but  not  unless  water  is  preseut.    With  an  equal  bulk 
of  hydrogen,  it  forms  a  mixture  which  cannot  be  made  to  explode, 
but  which  is  kindled  by  contact  with  a  lighted  candle,  and  burns 
rapidly  with  a  greenish  white  flame,  water  and  pure  nitrogen  gas 
being  the  sole  products.    The  action  of  freshly  ignited  spongy  plati- 
num on  a  mixture  of  hydrogen  and  binoxide  of  nitrogen  gases  leads 
to  the  slow  production  of  water  and  ammonia. 

460.  From  the  formation  of  red  coloured  acid  vapours,  whenever  U»e  in  Eu. 
binoxide  of  nitrogen  and  oxygen  are  mixed,  these  gnses  detect  the  pre-  dlomelrv< 
sence  of  each  other  ;  and  since  the  product  is  wholly  absorbed  by  wa» 

ter,  either  of  them  may  be  entirely  removed  from  any  gaseous  mixture 
by  adding  a  sufficient  quantity  of  the  other.  Priestley,  who  first  ob- 
served this  fact,  supposed  that  combination  takes  place  between  them 
in  one  proportion  only ;  and  inferring  on  this  supposition,  that  a 
given  absorption  must  always  indicate  the  same  quantity  of  oxygen, 
he  was  led  to  employ  binoxide  of  nitrogen  in  Eudiometry.  But  in 
this  opinion  he  was  mistaken.  Dalton  and  Gay-Lussac  have  described! 
the  precautions  which  are  required  to  insure  accuracy.* 

Hyponitrous  Add. 

Composition. 

Syrnb.  NU.  Dry.  Equip. 

By  Vol.      loo      +  150 
N+30orN  M  Wght.     14.16  +         24     m  38.15 

461.  On  adf*:.ng  l)inoxide  of  nitrogen  in  excess  to  oxygen  gas,  process, 
confined  iu  a  gia$s  tube  over  mercury,  Gay-Lussac  found  that  100 
measures  of  the  latter  combine  with  400  of  the  former  forming  an  acid 
which  unites  with  the  potassa.    The  compound  so  formed  is  hypo- 
nitrous  acid. 

462.  The  anhydrous  liquid  acid  is  colourless  at0°  F.  and  green 
common  temperatures.  It  is  so  volatile,  that  in  open  vessels  the 
green  fluid  wholly  and  rapidly  passes  off  in  the  form  of  an  orange 
vapour,  which  is  said  to  have  a  density  of  1.72.  On  admixture  with 
water  it  is  converted  into  nitric  acid  and  binoxide  of  nitrogen,  the 
latter  escaping  with  effervescence;  but  when  much  nitric  acid  is 
present,  the  hyponitrous  is  changed  into  nitrous  acid,  which  imparls 


*  I  hi  I '.mm  ia  Ann.  of  Phil.  z.  33;  and  further  direction*  have  heen  published  M  .  .  ,Q 
1'T  Henry  in  his  Elements.  Instead  of  employing  a  narrow  tube,  such  as  is  com-  Lo*»* 
roonly  used  for  measuring  gases,  Gay  Lussac  advises  that  100  measures  of  air  should 
be  introduced  into  a  very  wide  tube  or  jar,  and  that  an  equal  volume  of  binoxide  of 
nitrogen  should  then  he  added.  The  red  vapours,  which  are  instantly  produced  ;  dis- 
appear very  quickly  ;  and  the  absorption  after  half  a  minute,  or  a  minute  at  the  most, 
may  Ne  regarded  as  complete.  The  residue  is  then  transferred  into  a  graduated  tube 
sad  measured.  The  diminution  almost  always,  according  to  Oay-Lussac,  amounts  to 
&4  measures,  one-fourth  of  which  is  oxygen.  Gay-Lussac  has  applied  this  process  to 
the  analysis  of  various  mixed  gases,  in  which  the  oxygen  was  sometimes  in  a  greater, 
st  others  in  a  less  proportion  than  in  the  atmosphere,  and  the  indications  were  al  - 
ways correct.  For  other  details  sea  Turner's  Elements,  177,  and  Dana  on  Mtrou* 
Go*,  Amcr.  Jour.,  »ii.  333, 

19 
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in.  several  shades  of  colour,  orange,  yellow,  green,  and  blue,  according 
to  its  quantity.  One  equivalent  of  hyponitrous  and  one  of  nitric 
acid,  yield  two  equivalents  of  nitrous  acid  :  thus  N+30  and  N-j-50 
contain  the  elements  for  forming  2(N-|-40). 

463.  Hyponitrous  acid  dues  not  unite  directly  with  alkalies,  being 
then  resolved  principally  into  nitric  acid  and  binoxide  of  nitrogen ; 
but  the  hyponilrites  of  the  alkalies  and  alkaline  earths  may  be  ob- 
tained by  heating  the  corresponding  nitrates  to  a  gentle  red  heat. 
Action  of      464.  Hyponitrous   acid  forms  with  water  and   sulphuric  acid 
sulphuric    a  crystalline  compound,  which  is  generated  in  large  quantity  during 
ftCld*        the  manufacture  of  sulphuric  acid,  and  the  production  of  which  is  an 
essential  part  of  that  process.    It  is  generated  whenever  moist  sul- 
phurous acid  gas  and  nitrous  acid  vapour  are  intermixed,  being 
instantly  deposited  in  the  form  of  white  acicular  crystals.    T.  179. 


Nitrous  Acid. 

Composition. 

Symb.  Nit.  Oxy.  Equip. 

By  Vol.      100      +  200 
N+40  or  N  «  Wght.      14.15  +         32    =  46.15 

Nitrous  465.  When  binoxide  of  nitrogen  is  presented  to  oxygen,  the  two 
acl  gases  combine,  and  a  new  gaseous  compound  of  a  deep  orange  colour 

results. 

Exp*  Into  a  large  glass  globe,  or  other  convenient  vessel,  previously  filled  with  wa- 

ter, introduce  sufficient  nitrous  gas  to  displace  about  two  thirds  of  the  water.  On 
passing  into  it  oxygen  gas  tho  vessel  will  become  filled  with  deep  orange  coloured 
nitrous  acid  gas. 

cx^min'iZ  This  compound  is  absorbed  both  by  quicksilver  and  water,  so  that 
to  preserve  it  for  examination,  we  are  obliged  to  resort  to  exhausted 
glass  vessels.  Wheu  we  thus  mix  two  volumes  of  binoxide  of  ni- 
trogen with  one  volume  of  oxygen,  the  gases  become  condensed  to 
one  third  their  original  volume,  and  form  nitrous  acid  vapour. 

Properties.  466.  This  gas  supports  the  combustion  of  the  taper,  of  phosphorus, 
and  of  charcoal,  but  extinguishes  sulphur.*  100  measures  of  nitrous 
acid  vapour  contain  100  of  nitrogen  gas  and  200  of  oxygen.  The  spe- 
cific gravity  of  this  vapour  ought  to  be  3.1775,  formed  of  0.9727  the 
sp.  gr.  of  nitrogen-j-2.2048  twice  the  sp.  gr.  of  oxygen. 

467.  Nitrous  acid  may  exist  in  the  liquid  as  well  as  in  the  gase- 
Liquid  ni-  0u»  form.  To  form  liquid  nitrous  acid,  its  vapour  may  be  con- 
trous  acid.            Dy  a  freezing  mixture.    It  is  readily  absorbed  by  water  ;  the 

water  becomes  first  green,  then  blue,  and  finally  an  orange  colour, 
more  or  less  deep.  The  latter  may  be  brought  to  the  state  of  green 
or  blue  by  adding  more  or  less  water.  Hence  the  colour  depends 
partly  on  the  circumstance  of  density  ;  but  there  can  be  little  doubt 
that  it  is  materially  affected  also  by  the  proportions  of  nitric,  nitrous, 
and  hyponitrous  acids,  which  according  to  Gay-Lussac,  compose  ni- 
trous acid,  as  it  is  ordinarily  obtained  in  a  liquid  state.    H.  1. 381. 

468.  It  may  be  procured  by  exposing  nitrate  of  lead  carefully 
From  ni-    dried  to  a  heat  sufficient  to  decompose  the  salt.    The  nitric  acid  of 

the  salt  is  resolved  into  nitrous  acid  and  oxygen;  and  if  the  products 

*  It  reddens  litmus  paper,  has  a  iour  taste,  a  strong  smell,  abd  turns  animal  sub- 
yellow. 
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are  received  in  vessels  kept  moderately  cool,  the  greater  part  of  the  rfact.  in. 
former  condenses  into  a  liquid.    This  substance  was  first  obtained 
by  Gay-Lussac. 

469.  The  liquid  anhydrous  acid  is  powerfully  corrosive,  has  a 
strong  acid  taste  and  pungent  odour,  and  is  of  a  yellowish  orange 
colour.  Its  density  is  1.451.  It  remains  liquid  at  ordinary  tempe- 
ratures and  pressure,  and  boils  at  82°  F.  Exposed  to  the  air  it  eva- 
porates with  great  rapidity,  forming  the  common  nitrous  acid  vapours, 
which,  when  once  mixed  with  air  or  other  gases,  require  an  intense 
cold  to  condense  them. 


470.  Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  Oi 
oxygen  to  the  more  oxidable  metals,  and  to  most  substances  which 
have  a  strong  ahHnity  for  it.  The  acid  is  decomposed  at  the  same 
time,  being  commonly  changed  into  binoxide  of  nitrogen,  though 
sometimes  the  protoxide  and  even  pure  nitrogen  gases  are  evolved. 
When  transmitted  through  a  red  hot  porcelain  tube,  it  suffers  decom- 
position, and  a  mixture  of  oxygen  and  nitrogen  gases  is  obtained. 

When  nitrous  acid  is  mixed  with  a  considerable  quantity  of  water,  Action  of 
it  is  instantly  resolved  into  nitric  acid,  which  unites  with  the  water, waler- 
and  binoxide  of  nitrogen  which  escapes  with  effervescence. 

• 

Nitric  Acid. 

Composition. 

Symb.  Nit.  Ory.  Equiv. 

By  Vol.      loo      +  250 
W+SOorN  Wght.      14.15  +        40    =  64.15 

471.  If  a  succession  of  electric  sparks  be  passed  through  a  mixture  Njtric  aci<i 
of  oxygen  and  nitrogen  gases  confined  in  a  glass  tube  over  mercury,  formed.  ' 
a  bale  water  being  present,  the  volume  of  the  gnses  will  gradually 
diminish,  and  the  water  after  a  time  will  be  found  to  have  acquired 

acid  properties.  On  neutralizing  the  solution  with  potnssa,  or  what 
is  better,  by  putting  a  solution  of  pure  potassa,  instead  of  water,  into 
the  tube,  a  salt  is  obtained  which  possesses  all  the  properties  of  the 
nitrate  of  potassa  (nitre.)  This  experiment  was  performed  by  Ca- 
vendish in  1785,  who  inferred  from  it  that  nitric  acid  is  composed  of 
oxygen  and  nitrogen. 

The  nitric  acid  may  be  formed  more  conveniently  by  adding  bi- 
noxide of  nitrogen  slowly  over  water  to  an  excess  of  oxygen  gas.  It 
cannot  exist  in  an  insulated  state.  The  most  simple  form  under 
which  chemists  have  hitherto  procured  nitric  acid  is  in  solution  with 
water.  It  is  usually  obtained  by  the  distillation  of  purified  nitre  ^maI 
with  sulphuric  acid,  of  which  materials  different  proportions  are  ecu- for 

ployed.  *  ^tlainin* 

'    3  nitric  acid, 

Into  a  glass  retort,  which  may  he  cither  tubulated  or  not,  put  four  parts  by 
weight  of  nitrate  of  potassa,  reduced  to  a  coarse  powder,  and  pour  upon  it  three 
parts  of  concentrated  sulphuric  acid.  Apply  a  tubulated  receiver  of  large  capa- 
city between  which  and  the  retort,  an  adopter  may  be  interposed  ;  these  junc- 
tures beiug  luteil  with  a  mixture  of  pipe-clay,  sifted  sand,  und  cut  tow  or  flax. 
To  the  tubulure  of  the  receiver,  a  glass  tubo  may  be  fixed  by  means  of  tho  fat 
luti*,*  and  may  terminate  in  another  receiver,  containing  a  small  quantity  of 
water. 

*  Formed  by  heating  perfectly  dry  and  finely  lifted  tobacco  pipe  clay,  with  paiutera» 
dryuig  oil. 
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Chap.  in.  If  the  operator  wishes  to  collect  the  gaseous  products  also,  this  second  receiver 
 should  be  provided  with  a  tubulure,  to  which  a  bent  pipe  may  be  luted,  termi- 
nating under  one  of  the  inverted  funnels  in  the  shelf  of  the  pneumatic  trough. 
Apply  heat  to  the  retort,  through  the  intervention  of  the  Band-bath.  The  first 
product  that  passes  into  the  receiver,  is  generally  of  a  red  colour,  and  of  a  smok- 
ing quality.  These  appearances  gradually  diminish  ;  and  if  the  materials  used 
were  clean,  the  acid  will  come  over  pale,  and  even  colourless.  Afterwards  it 
gradually  re-assumes  a  red  colour,  and  smoking  property  ;  which  appearances  go 
on  increasing  till  the  end  of  the  operation  ;  and  the  whole  product  mingled  to- 
gether, has  either  a  yellow  or  an  orange  colour,  according  to  the  temperature 
employed.    H.  1.  318. 

Od  the         472.  The  nitric  acid  of  commerce,  which  is  generally  red  and 

arge scale.  fumjngr  jn  consequence  of  the  presence  of  binoxide  of  nitrogen,  is 
procured  by  the  distillation  of  two  parts  of  nitre  with  one  of  sulphu- 
ric acid  ;  these  proportions  afford  about  one  part  of  orange-coloured 
nitric  acid  of  the  specific  gravity  of  1.48.* 

Purification     473.  The  nitric  acid  of  commerce,  as  usually  obtained  is  impure. 

of  nitric     Jt  frequently  contains  portions  of  sulphuric  and  hydrochloric  acid. 

The  former  is  derived  from  the  acid  which  is  used  in  the  process  ; 
and  the  latter  from  sea-salt,  which  is  frequently  mixed  with  nitre. 
These  impurities  may  be  detected  by  adding  a  few  drops  of  a  solution 
of  chloride  of  barium  and  nitrate  of  silver  to  separate  portions  of  ni- 
tric acid,  diluted  with  three  or  four  parts  of  distilled  water.  If  chlo- 
ride of  barium  cause  a  cloudiness  or  precipitate,  sulphuric  acid  must 
be  present ;  if  a  similar  effect  be  produced  by  nitrate  of  silver,  the 
presence  of  hydrochloric  acid  may  be  inferred.  Nitric  acid  is  puri- 
fied from  sujphuric  acid  by  redistilling  it  from  a  small  quantity  of 
nitrate  of  potassa,  with  the  alkali  of  which  the  sulphuric  acid  unites, 
and  remains  in  the  retort.  To  separate  hydrochloric  acid,  it  is  ne- 
cessary to  drop  a  solution  of  nitrate  of  silver  into  the  nitric  acid  as 
long  as  a  precipitate  is  formed,  and  draw  ofTthc  pure  acid  by  distil- 
lation.t 

♦Upon  the  large  scale  112  lbs.  of  nitre,  and  56  of  sulphuric  acid  yield  from  50  to  52 
lbs.  of  nitrie  acid.  Some  manufacturers  employ  three  parts  of  nitre  and  two  of  sul- 
phuric acid,  and  the  London  Pharmacopeia  directs  equal  weights,  by  which  a  nearly 
colourless  nitric  acid  is  afforded. 

t  The  distillation  of  nitric  acid  may  be  conducted  upon  the  small  scale  in  a  tubulated 
glass  retort  a,  with  a  tubulated  receiver  b,  passing  into  the  bottle  c,  (Fig.  Ml.)  The 
requisite  heat  is  obtained  by  the  lamp  d,  and  the  whole  apparatus  supported  by  the 


iirass  stands  with  sliding  rings  e  e. 
Fif.  HI. 


Fi8.  142. 


rf  The  manufacturer  who  prepares  nitric  acid  upon  a  large  scale,  generally  employs  dis- 
•r  tillatory  vessels  of  stone  ware.  Fig.  142  represents  the  arrangement  of  the  distillatory 
apparatus,  employed  at  Apothecaries'  Hall,  London,  for  the  production  of  common 
atfua-fortui :  it  consists  of  an  iron  pot,  set  in  brick -work,  over  a  tire- place  ;  an  earthen- 
ware head  is  luted  upon  it,  communicating  with  two  receivers  of  toe  same  material, 
furnished  with  earthen  ware  stop  cocks,  the  last  of  which  has  a  tube  of  safety  dipping 
into  a  basin  of  water. 
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For  pharmaceutical  purposes,  the  ordinary  acid  is  generally  suffi-   Sect,  hi. 
ciently  pure.    If,  however,  pure  nitre,  and  pure  sulphuric  acid  be 
employed  in  its  production,  and  the  latter  not  in  excess,  there  is  little 
apprehension  of  impurity  in  the  resulting  acid. 

474.  Liquid  nitric  acid  is  heavier  than  water,  in  the  proportion  of  Specific 
1.5  or  upwards  to  1.  The  specific  gravity  of  real  nitric  acid,  which  £**T»qr« 
cannot,  however,  be  obtained  separately,  may  be  calculated  at  1.75. 

In  its  heaviest  form,  it  still  contains  a  portion  of  water,  which  is  es- 
sential to  its  existence  in  a  liquid  state.  In  acid  of  the  sp.  gr.  1.5  the 
water  amounts  to  20  percent.  It  possesses  acid  properties  in  an  em- 
inent degree.  A  few  drops  of  it  diluted  with  a  considerable 
quantity  of  water  form  an  acid  solution,  which  reddens  litmus  paper 
permanently.  It  unites  with  and  neutralizes  alkaline  substances, 
forming  with  them  salts  which  are  called  nitrates. 

475.  Nitric  acid  is  usually  coloured  by  nitrous  acid. 

To  expel  which,  put  the  acid  into  a  retort  to  which  a  receiver  ii  applied,  the  Coloured 
two  vessels  not  being  luted,  but  joined  merely  by  paper.    Apply  a  very  gentlo  by  nitrous 
heat  for  several  hours  to  the  retort,  changing  the  receiver  as  soon  us  it  becomes  acid  gas. 
filled  with  red  vapours.    The  nitrous  gas  will  thus  be  expelled,  and  the  nitric 
acid  will  remain  in  the  retort  limpid  and  colourless.    It  must  be  kept  in  a  bottle 
secluded  from  light.    H.  327. 

476.  Nitric  acid  emits  white  fumes  when  exposed  to  the  air,  and  Decompo- 
is  extremely  sour  and  corrosive.  It  effects  the  decomposition  of  ani-  mane™?* 
mal  matters.    The  cuticle  and  nails  receive  a  permanent  yellow 

stain  when  touched  with  it ;  and  if  applied  to  the  skin  in  sufficient 
quantity  it  acts  as  a  powerful  cautery,  destroying  the  organization  of 
the  part  entirely. 

477.  It  boils  at  248°  F.,  and  may  be  distilled  over  without  any  Boiling 
essential  change.    An  acid,  weaker  than  1.42,  is  strengthened  by  P0101' 
being  boiled  ;  while  an  acid,  stronger  than  1.42,  becomes  weaker  by 
boiling.    All  the  varieties  of  nitric  acid,  therefore,  are  brought,  by 
sufficient  boiling,  to  the  specific  gravity,  1.42,  which  appears  to  be 

the  most  energetic  combination  of  acid  and  water. 

478.  Nitric  acid  may  be  frozen  by  cold.    The  temperature  at  Freezing, 
which  congelation  takes  place,  varies  with  the  strength  of  the  acid. 

The  strongest  acid  freezes  at  about  50°  below  zero.  When  diluted  with 

half  its  weight  of  water,  it  becomes  solid  at — ld°  F.  By  the  addition 

of  a  little  more  water,  its  freezing  point  is  lowered  to — 45°  F.  Strong 

nitric  acid  absorbs  moisture  from  the  atmosphere  ;  in  consequence  AD?°rbs 

of  which  it  increases  in  weight,  and  diminishes  in  specific  gravity.  inoi8tare- 

479.  When  two  parts  of  the  acid  are  suddenly  diluted  with  one  of  Mixed  with 
water,  an  elevation  of  temperature  is  produced  to  about  120°  F.  ;  *aler» 
and  the  admixture  of  58  parts  by  weight  of  acid  of  specific  gravity  iurePri*es. 
1.50  with  42  parts  of  water,  both  at  60°  F.,  gives  a  temperature  of 

140°. •  When  more  water  is  added  to  this  diluted  acid,  its  tempera- 
ture is  reduced.  Snow  or  ice  added  to  the  cold  dilute  acid  is  in- 
stantly liquefied  and  an  intense  degree  of  cold  produced. 

4S0.  When  very  concentrated  it  becomes  coloured  by  exposure  to  Effector 
the  sun's  light,  passing  first  to  a  straw  colour,  and  then  to  a  deep  B°l*r  light, 
e.    This  effect  is  produced  by  the  union  of  the  light  of  the  sun 


orange. 


*  Ure.   See  table  of  strength  of  diluted  acid  in  Appendix. 
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Chap,  m.  with  oxygen,  in  consequence  of  which  the  proportion  of  that  princi- 
ple to  the  nitrogen  is  diminished.    By  exposing  it  to  the  sun's  rays 
in  a  gas  bottle,  the  bent  tube  of  which  terminates  under  water,  oxy- 
gen gas  may  be  procured,    u.  l<  321. 

481.  This  acid  retains  its  oxygen  with  but  little  force,  and  hence 
is  much  employed  by  chemists  for  bringing  bodies  to  their  maximum 
of  oxidation.  It  is  decomposed  by  all  combustible  bodies,  which  are 
oxygenized  by  it,  with  more  or  less  rapidity  in  proportion  to  their 
affinity  for  oxygen. 

Poured  on  perfectly  dry  and  powdered  charcoal  it  excites  the  com- 
bustion of  the  charcoal,  which  becomes  red-hot,  and  emits  an  io> 
mense  quantity  of  fumes. 

Its  action  on  phosphorus  is  often  extremely  violent,  and  great       *~ ifr  1*3- 
care  should  be  taken  to  avoid  accident.    A  few  pieces  of  phos- 
phorus may  be  placed  in  the  bottom  of  a  tall  and  strong  glass, 
and  the  acid  be  poured  upon  it  from  a  vessel  attached  to  the  end 
of  a  long  rod  of  wood."    (Fig.  143.) 

All  vegetable  substances  are  decomposed  by  it.  In 
general  the  oxygen  of  the  nitric  acid  enters  into  direct 
combination  with  the  hydrogen  and  carbon  of  those 
compounds,  forming  water  with  the  former,  and  car- 
bonic acid  with  the  latter.  This  happens  remarkably 
in  those  compounds  in  which  hydrogen  and  carbon  are 
predominant,  as  in  alcohol  and  the  oils. 

It  inflames  essential  oils  when  suddenly  poured  on  them. 

Into  a  gallipot,  placed  upon  a  hearth  and  containing  about  a  table  spoonful  of 
oil  of  turpentine,  pour  about  half  the  quantity  of  the  strong  acid,  previously 
mixed  with  a  few  drops  of  sulphuric  acid.  The  moment  the  aeids  come  in  con- 
tact with  the  turpentine,  a  large  quantity  of  dense  smoke  will  be  produced,  often 
accompanied  with  flame.  The  acid  should  bo  poured  from  a  bottle  tied  to  the 
end  of  a  long  stick,  otherwise  the  operator's  eyes  may  be  severely  injured. 

482.  It  is  also  decomposed  by  metals,  with  different  phenomena, 
according  to  the  affinity  of  each  metal  for  oxygen. 

This  may  be  seen  by  pouring  some  strong  nitric  acid  on  iron  filings, 
or  powdered  tin.  The  acid  must  be  of  greater  density  than  1.48, 
otherwise  it  will  not  produce  the  effect.  Violent  heat,  attended  with 
red  fumes,  will  be  produced,  and  the  metals  will  be  oxidized. 

When  oxidation  is  effected  through  the  medium  of  nitric  acid,  the 
acid  itself  is  commonly  converted  into  binoxide  of  nitrogen.  This 
gas  is  sometimes  given  off  nearly  quite  pure ;  but  in  general  some 
nitrous  acid,  protoxide  of  nitrogen,  or  pure  nitrogen,  is  disengaged 
at  the  same  time. 

483.  Nitric  acid  may  be  decomposed  by  passing  its  vapour  through 
a  red  hot  porcelain  tube ;  oxygen  is  given  off,  nitrous  acid  gas  is 
produced,  and  a  quantity  of  diluted  acid  passes  over  into  the  receiver, 
having  escaped  decomposition  ;  so  that  it  is  thus  proved  to  consist  of 
nitrous  acid  gas,  oxygen  and  water. 

For  experiments  of  this  kind  the  form  of  apparatus,  described  for 
the  decomposition  of  water  by  iron  (405),  may  be  employed,  omitting 
the  condensing  worm-pipe,  and  substituting  a  porcelain  tube. 

494.  All  the  salts  of  nitric  acid  are  soluble  in  water,  and,  there- 


♦  See  Hare's  Compend,  171. 
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fore,  it  is  impossible  to  precipitate  that  acid  by  any  re-agent.  The  Sea.iv. 
presence  of  nitric  acid,  when  uncombined,  is  readily  detected  by  its 
strong  action  on  copper  and  mercury,  emitting  ruddy  fumes  of  nitrous 
acid,  and  by  its  forming  with  potassa  a  neutral  salt,  which  crystallizes 
in  prisms,  and  has  all  the  properties  of  nitre.  Gold-leaf  is  a  still  more  Tests  of. 
delicate  test.  When  hydrochloric  acid  is  added  to  the  solution  of  a 
nitrate,  chlorine  is  disengaged,  and  the  liquid  hence  acquires  the 
property  of  dissolving  gold-leaf ;  but  as  the  action  of  hydrochloric 
acid  on  the  salts  of  chloric,  bromic,  iodic,  and  selenic  acids  likewise 
yields  a  solution  capable  of  dissolving  gold,  no  inference  can  be  drawn 
from  the  experiment,  unless  the  absence  of  these  acids  shall  have 
been  previously  demonstrated.  A  very  delicate  test  has  been  pro- 
posed by  O'Shaugnessy,  founded  on  the  orange-red  followed  by  a 
yellow  colour,  which  nitric  acid  communicates  to  morphia.  The 
supposed  nitrate  is  heated  in  a  test  tube  with  a  drop  of  sulphuric 
acid,  and  then  a  crystal  of  morphia  is  added.*  It  is  advisable  to  try 
the  process  in  a  separate  tube  with  the  sulphuric  acid  alone,  in  order 
to  prove  the  absence  of  nitric  acid.  T. 

485.  Nitric  acid  is  of  considerable  use  in  the  arts.    It  is  employed  ^se>* 
for  etching  on  copper,  as  a  solvent  of  tin  to  form  with  that  metal  a 
mordant  for  some  of  the  finest  dyes  ;  in  metallurgy  and  assaying ; 

in  various  chemical  processes,  on  account  of  the  facility  with  which 
it  parts  with  oxygen  and  dissolves  metals  ;  in  medicine  as  a  tonic, 
be.    For  the  purposes  of  the  arts  it  is  commonly  used  in  a  diluted  A 
state,  and  contaminated  with  the  sulphuric  and  hydrochloric  acids,  by  forus. 
the  name  of  aqua-fortisA 

Section  IV.  Carbon. 

Symb.  Sp.  Gr.  (hypothetical.)  Chrm.  iv/m'r. 

C.  0.4215  air   =1  By  Vol.  100 

6.12   Hyd.*=l  "  Wght.  6.12 

486.  The  purest  form  of  carbon  is  the  diamond;  from  its  powers  Purest 
of  refracting  light,  Newton  inferred  that  it  was  a  combustible  body.  m" 
The  diamond  is  the  hardest  substance  in  nature.    Its  texture  is 
crystalline  in  a  high  degree,  and  its  cleavage  very  perfect.    Its  pri- 
mary form  is  the  octohedron.    Its  specific  gravity  is  3.52.  Acids 

and  alkalies  do  not  act  upon  it ;  and  it  bears  the  most  intense  heat 
in  close  vessels  without  fusing  or  undergoing  any  perceptible 
change.  Heated  to  redness  in  the  open  air,  it  is  entirely  consumed. 
Lavoisier  first  proved  it  to  contain  carbon  by  throwing  the  sun's 
rays,  concentrated  by  a  powerful  lens,  upon  a  diamond  contained  in 
a  vessel  of  oxygen  gas.  The  diamond  was  consumed  entirely,  oxy- 
gen disappeared,  and  carbonic  acid  was  generated.  It  has  since 
beea  demonstrated  by  the  researches  of  others,  that  carbonic  acid  is 
the  product  of  its  combustion. t 


t,  1829—30. 

♦  This  is  often  prepared  by  mixing  common  nitre  with  an  equal  weight  of  sulphate 
•f  iron,  and  half  its  weight  of  the  same  sulphate  calcined,  and  distilling  the  mixture ; 
°t  hy  mixing  nitre  with  twice  its  weight  of  dry  powdered  clay,  and  distilling  in  a 
reeert-eratory  furnace.  Twn  kinds  are  found  in  the  shops,  one  called  double  aqua  for - 
Hm,  which  is  about  half  the  strength  of  nitric' acid  ;  the  other  simply  aqua-fortis,  which 
u>  half  the  strength  of  the  double. 

t  Pot  a  description  and  plates  of  the  Tarious  forms  of  apparatus  contrived  for  the 
on  of  the  diamond,  see  Henry's  and  Braude's  vols.  i. ;  also  1st  and  2d 
of  thia  Manual. 
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Chap,  nr.  487.  Guyton-Morveau  inferred  from  his  experiments  that  the  dia- 
mond is  pure  carbon,  and  that  charcoal  is  an  oxide  of  carbon.  Ten- 
nant  burned  diamonds  by  heating  them  with  nitre  in  a  gold  tube; 
and  comparing  his  own  results  with  those  of  Lavoisier  on  the  com- 
bustion of  charcoal,  he  concluded  that  equal  weights  of  diamond  and 
pure  charcoal,  in  combining  with  oxygen,  yield  precisely  equal 
quantities  of  carbonic  acid.  He  was  thus  induced  to  adopt  the  opin- 
ion, that  charcoal  and  the  diamond  are  chemically  the  same  sub- 
stance ;  and  that  the  difference  in  their  physical  character  is  solely 
dependent  on  a  difference  of  aggregation.*  This  conclusion  was 
confirmed  by  the  experiments  of  Allen  and  Pepys,t  and  Davy.J  $ 
Charcoal.  Another  form  of  carbon  is  charcoal,  the  purest  variety  of  which  is 
lamp-black.W 

Method  of     4SS.  Charcoal  may  be  prepared  by  heating  pieces  of  wood,  cover- 
charcoal?  ed  w'ln  **ndt  10  redness,  and  keeping  them  in  that  state  for  about 
an  hour.    They  are  converted  into  a  black  brittle  substance,  which 
appears  to  be  the  same  from  whatever  kind  of  wood  it  has  been  pro- 
cured. 

Lamp-  Lamp-black  is  prepared  from  refuse  and  residuary  resin.  When 
black.  lamp-black  has  been  heated  red-hot  in  a  close  vessel,  it  may  be  con- 
sidered as  very  pure  carbon.  A  very  pure  charcoal  is  obtained 
from  spirits  of  wine. 
Animal  Animal  charcoal,  or  ivory  black,  is  a  mixture  of  charcoal  and  phos- 
charcoal,    phate  of  lime,  prepared  by  exposing  bones  to  heat  in  a  close  vessel. 

The  quantity  of  charcoal  obtained  from  different  kinds  of  wood  is 
liable  to  much  variation. 
Its  proper-     489.  Charcoal  is  black,  insoluble,  inodorous,  insipid,  and  brittle; 
tIC8,         an  excellent  conductor  of  electricity,  but  a  bad  conductor  of  heat ;  un- 
changed by  the  combined  action  of  air  and  moisture  at  common  tera- 
Comhua-    peratures  ;  and  easily  combustible  in'oxygen  gas.  The  combustion  of 
tioninox-  charcoal  in  oxygen  has  been  already  noticed.  (367)  The  product  of 
the  combustion  is  carbonic  acid  gas,  the  oxygen  neither  increasing 
nor  diminishing  in  volume,  but  becoming  heavier  by  the  quantity  of 
carbon  which  combines  with  it ;  every  sixteen  parts  of  oxygen  take 
up  six  of  carbon. 

Absorbing  490.  Charcoal  likewise  absorbs  the  odoriferous  and  colouring  prin- 
ciples of  most  animal  and  vegetable  substances.  When  coloured 
infusions  of  this  kind  are  digested  with  a  due  quantity  of  charcoal,  a 
solution  is  obtained,  which  is  nearly  if  not  quite  colourless.  Tainted 
ffesh  may  be  deprived  of  its  odour  by  this  means,  and  foul  water  be 
purified  by  filtration  through  charcoal.  The  substance  commonly 
employed  to  decolorize  fluids  is  animal  charcoal  reduced  to  a  fine 
powder.  It  loses  the  property  of  absorbing  colouring  matters  by  use, 
but  recovers  it  by  being  heated  to  redness.  , 


*  Phil.  Trans,  for  1797.  t  Ibid,  1807.  t  Ibid,  IBM. 

i  The  latter  chemist  did  indeed  observe  the  production  of  a  minute  quantity  of  water 
during  the  combustion  of  the  purest  charcoal,  indicative  of  a  trace  of  hydrogen;  but 
its  quantity  is  so  small,  that  it  cannot  be  regarded  as  a  necessary  constituent.  It 
proves  only  that  a  trace  of  hydrogen  is  retained  by  charcoal  with  such  force,  that  it 
cannot  be  expelled  by  the  temperature  of  ignition.  T. 

||  Graphite,  or,  as  commonly  called  black  lead,  is  a  natural  compound  of  carbon  and 
iron  *,  some  varieties  appear  to  be  a  peculiar  form  of  carbon,  leaving  very  little  residu- 
•  um  when  burned.   Anthracite  is  another  variety. 
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491.  The  charcoal  of  wood,  besides  its  use  as  a  fuel,  is  necessary  iv. 
to  the  preparation  of  that  kind  of  iron  which  is  used  for  wire;  to  the  Use  in  the 
cementation  of  steel;  and  to  the  preparation  of  gunpowder.    From  arU- 
the  powerful  affinity  which  it  has  for  oxygen  at  a  high  temperature, 
it  13  constantly  employed  for  deoxidating  the  metals  and  many  other 


The  charcoal  prepared  from  pit-coal,  called  coke,  is  less  pure,  and,  Coke> 
besides  other  substances,  generally  contains  sulphur,  but  it  has  the 
advantage  of  being  heavier  and  more  compact,  in  consequence  of 
which  it  is  better  adapted  for  burning  in  furnaces  in  which  there  is  a 
powerful  blast  of  air.    H.  I.  330. 

492.  When  large  quantities  of  charcoal,  in  a  state  of  minute  d  i  vi-  Spootane- 
sion,  are  left  undisturbed,  spontaneous  combustion  generally  ensues,  JJJ£?Jf 
and  occasionally  with  charcoal  in  fragments  of  considerable  size,  charcoal! 
This  has  been  attributed  to  the  action  of  air  and  moisture  on  minute 
quantities  of  potassium  present  in  the  coal.* 

493.  The  hypothetical  density  of  the  vapour  of  carbon,  calculated  Dwaity. 
is  explained  at  page  33,  is  0.4215,  and  100  cubic  inches  of  it  should 

weigh  13.0714  grains. 

Carbon  and  Oxygen. 

494.  There  are  two  compounds  of  carbon  and  oxygen ;  carbonic 

oxide  and  carbonic  acid  gases.    Carbonic  oxide  gas  is  theoretically  Compoanda 
considered  as  a  compound  of  100  measures  of  the  vapour  of  carbon  °f^«r^on 
and  50  of  oxygen  condensed  into  100  measures  ;  and  carbonic  acid  |en.°*y 
gas,  of  100  measures  of  the  vapour  of  carbon  and  100  of  oxygen 
condensed  into  100  measures. 
The  composition  of  these  compounds  of  carbon  is  as  follows  :— 


oxide     6.12  or  1  eq.  +   8  or  1  eq.  m  14.13  C+ O  or  C. 
Carbonic  acid       6.12  or  1  eq.   +  16  or  2  eq.  =  22.12  C+20  or  C. 


Carbonic  Acid. 

495.  Carbonic  acid  was  discovered  by  Black  in  1757,  and  de-  Carbonic 
scribed  by  him  under  the  name  of  fixed  air.  He  observed  the  exist-  P* 
ence  of  this  gas  in  common  limestone  and  magnesia,  and  found  that 
it  may  be  expelled  from  these  substances  by  the  action  of  heat.  It 
may  be  obtained  by  burning  carbon,  either  pure  charcoal  or  the  dia- 
mond, in  oxygen  gas.  The  best  mode  of  procuring  it  for  experiment 
consists  in  acting  upon  marble  {carbonate  of  lime)  by  dilute  hydro- 
chloric acid.  The  hydrochloric  acid  takes  the  lime,  and  carbonic 
acid  gas  escapes  with  effervescence. 

For  ihi*  purpose  the  marble,  in  fragments,  it  placed  in  the  gas  bottle  (Fig.  85 
or  86)  and  hydrochloric  acid,  previously  diluted  with  water,  poured  upon  it :  im- 

•Sre  Aohert's  paper  on  this  subject  in  PhU.  Mag.  and  Ann.  N  S  ,  Vol.  ix. 
m,  and  Hadfield's  and  Danes',  papers  in  Land,  and  Edin.  PhU.  Mag.  iu. 
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mediate  effervescence  ensues,  and  the  gas  is  Fig.  m. 

conveyed  bv  the  bent  pipe  to  an  inverted  jar 
on  the  shelf  of  the  pneumatic  trough,  (Figs. 
96,07.)  When  the  action  ceases,  it  may  be 
renewed  by  the  addition  of  fresh  acid  until 
the  marble  is  dissolved. 

Or  the  apparatus,  (Fig.  144,)  may  be  em- 
ployed, the  acid  being  poured  down  the  tube 
0,  which  passes  to  the  bottom  of  the  two 
necked  bottle,  o. 

As  carbonic  acid  gas  is  heavier  than  at- 
mospheric  air  it  may  also  be  obtained  by 
means  of  the  apparatus,  (Fig.  145)  ;  a  is  a  long 
glass  tube  proceeding  from  the  bottle  contain- 
ing the  marble  and  acid,  and  passing  down  to  the  bottom  of 
the  jar  ft,  which  stands  with  its  mouth  uppermost.  The  car- 
bonic acid  will  expel  the  common  air  from  the  jar. 

496.  Carbonic  acid,  as  thus  procured,  is  a  colour- 
less, inodorous,  elastic  fluid,  which  possesses  all 
the  physical  characters  of  the  gases  in  an  eminent 
degree,  and  requires  a  pressure  of  thirty  si. \  atmos- 

{>heres  to  condense  it  into  a  liquid.  The  exact  know- 
edge  of  its  density  is  still  an  important  desidera- 
tum: it  is  estimated  at   1.524  by  Dulong  and    J  \  J  ] 

Berzelius,  and  at  1.5277  by  Thomson.*  If  its  specific  gravity  is  es- 
timated as  1.5239,  100  cubic  inches  should  weigh  47.2586  grs.  T. 

497.  Carbonic  acid  may  be  collected  over  water,  but  must  be  pre- 
served in  vessels  with  glass-stoppers,  since  water,  at  common  tempe- 
rature and  pressure,  takes  up  its  own  volume. 


Fill  partly  a  jar  with  this  gas,  and  let  it  stand  a  few  hours  over  water.  An 
absorption  will  gradually  go  on,  till  at  last  none  will  remain.  This  absorption  is 
infinitely  quicker  when  agitation  is  used.  Repeat  tho  above  experiment,  with 
this  difference,  that  the  jar  must  be  shaken  strongly.  A  very  rapid  diminution 
will  now  take  place.  In  this  manner,  water  may  be  charged  with  rather  more 
than  its  own  bulk  of  carbonic  acid  gas  ;  and  it  acquires,  when  thus  saturated,  a 
brisk  and  pleasant  taste. 

Water  im-  49S.  The  effervescent  quality,  and  brisk,  pungent  taste  of  ferment- 
ed liquors  is  due  to  the  presence  of  this  gas,  as  is  likewise  that  of 
many  mineral  waters.  The  latter  are  often  imitated  by  condensing 
carbonic  acid  into  water,  either  by  a  condensing  pump,  of  which  a 
description  is  given  by  Pepy's.t  or  by  a  Nooth's  apparatus,  as  repre- 
sented in  Fig.  146.* 


NooOi'i  »;  i » 


*  f\r$t  Principles,  i.  143. 

t  Quar.  Jour,  of  Sci.  and  the  Arts,  vol.  iT.  p.  306. 

t  It  consists  of  three  vessels,  the  lowest,  a,  flat  and  broad,  so 
as  to  form  a  steady  support :  it  contains  the  materials  for  evolv- 
ing the  gas,  such  as  pieces  of  marble  and  dilute  hydrochloric 
acid,  of  which  fresh  supplies  may  occasionally  be  introduced  through 
the  stopped  aperture.  The  gas  passes  through  the  tube  b,  in 
which  is  a  glass  valve  opening  upwards,  into  the  vessel  c,  contain- 
ing the  water  or  solution  intended  to  be  saturated  with  the  gas, 
and  which  may  occasionally  be  drawn  off  by  the  glass  stop-cock. 
Into  this  dips  the  tube  of  the  uppermost  vessel  d,  which  occa- 
sions some  pressure  on  the  gas  in  c,  and  also  produces  a  circulation 
and  agitation  of  the  water.  At  the  top  of  d  is  a  conical  stopper, 
which  acts  as  an  occasional  valve,  and  keeps  up  a  degree  of  pressure 
in  the  vessels. 


Fig.  146. 
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The  escape  of  carbonic  acid  from  fermented  Honors  Fig.  147. 

may  be  shown  by  placing  three  or  four  ounces  of  ale  or 
porter  in  a  jar  or" tube,  (Fig.  147)  twenty  or  more  inches 
m  height,  on  the  plate  of  the  air-pump,  covering  it  with 
a  tall  receiver,  and  exhausting  the  air.  The  foam  will 
rise  and  entirely  fill  the  jar  or  tube. 

Under  a  pressure  of  two  atmospheres  water 
dissolves  twice  its  volume  of  this  gas,  and  so 
on.  It  thus  becomes  brisk  and  tart,  and  red- 
dens delicate  vegetable  blues.  By  freezing, 
boiling,  or  exposure  to  the  vacuum  of  the  air- 
pump,  the  gas  is  given  off. 

Place  a  tumbler  of  water  which  has  been  impregnated 
with  this  gas  (the  soda-watei  of  the  shops  for  example) 
under  the  receiver  of  the  air-pump,  and  exhaust  it ;  the 
gas  will  escape  so  rapidly  as  to  present  the  appearance 
of  ebullition  ;  and  will  be  much  more  remarkable  than  u 
the  discharge  of  air  from  another  vessel  of  common 
spring  water,  confined  at  the  same  time  under  the  receiver. 

499.  If  the  impregnated  water  be  rapidly  congealed,  by  surround- Expelled 
ing  it  with  a  mixture  of  snow  and  salt,  the  frozen  water  has  more  by  treexing. 
the  appearance  of  snow  than  of  ice,  its  bulk  being  prodigiously  in- 
creased by  the  immense  number  of  air  bubbles.    When  water,  thus 
congealed,  is  liquefied  again,  it  is  found,  by  its  taste,  and  other  pro- 
perties, to  have  lost  nearly  the  whole  of  its  carbonic  acid. 

500.  Carbonic  acid  extinguishes  burning  substances  of  all  kinds,  DOt 
and  the  combustion  does  not  cease  from  the  want  of  oxygen  only.  Itcorobus- 
exerts  a  positive  influence  in  checking  combustion,  as  appears  from  tiou. 
the  fact  that  a  candle  cannot  burn  in  a  gaseous  mixture  composed  of 

four  measures  of  atmospheric  air  and  one  of  carbonic  acid. 

This  may  be  shown  by  setting  a  vessel  filled  with  the  gas,  with  the  mouth  up-  Exp. 
wardi,  and'  letting  down' a  lighted  candle. 

The  experiment  may  be  varied  by  placing  near  the  vessel  containing  the 
carbonic  acid  gas,  a  similar  one  filled  with  oxygen  gas,  and  if  the  candle,  after 
bang  extinguished  by  the  carbonic  acid  be  speedily  immersed  in  the  oxygen  gaa 
it  will  be  relighted,  and  this  may  be  repeated  as  long  as  the  gnat  s  remain  in  the 


501.  It  is  not  better  qualified  to  support  the  respiration  of  animals ;  fatal  to 
for  its  presence,  even  in  moderate  proportion,  is  soon  fatal.*  An  ani- 
mal cannot  live  in  air  which  contains  sufficient  carbonic  acid  for  ex- 
tinguishing a  lighted  candle  ;  and  hence  the  practical  rule  of  letting 
down  a  burning  taper  into  old  wells  or  pits  before  any  one  ventures 
to  descend.  If  the  light  is  extinguished,  the  air  is  certainly  impure ; 
and  there  is  generally  thought  to  be  no  danger  if  the  candle  conti- 
nues to  burn.  But  instances  have  been  known  of  the  atmosphere 
being  sufficiently  loaded  with  carbonic  acid  to  produce  insensibility, 
and  yet  not  so  impure  as  to  extinguish  a  burning  candle. t  When 
an  attempt  is  made  to  inspire  pure  carbonic  acid,  violent  spasm  of 

*  By  means  of  this  gaf,  butterflies,  and  other  insects,  the  colours  of  which  it  is  de- 
sirable to  preserve,  for  the  purpose  of  cabinet  specimens,  may  be  suffocated  better  than 
by  Um  common  mode  of  killing  them  by  the  fumes  of  sulphur.    H . 

♦  Chmtison  on  PoUons,  2d  ed.  707. 

amhridge,  where 


Two  instances  recently  occurred  at  C 
u»  so  apartment  in  which  two  men  were 
ealty  recovered,  the  other  died.  W. 
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HL  the  glottis  takes  place,  which  prevents  the  gas  from  entering  the 
lungs.  If  it  be  so  much  diluted  with  air  as  to  admit  of  its  passing 
the  glottis,  it  then  acts  ns  a  narcotic  poison  on  the  system.  It  is  this 
gas  which  has  often  proved  destructive  to  persons  sleeping  in  a  con- 
fined room  with  a  pan  of  burning  charcoal. 
Heavier  502.  Carbonic  acid  gas  is  heavier  than  atmospheric  air,  and  may 
phericaS!*"     P0Ufed  from  one  vessel  into  another  like  water. 

"Exp.  Place  a  lighted  taper  at  the  bottom  of  a  tall  glass  jar,  and  pour  the  ga*  out  oft 

bottle  into  it ;  it  descends  and  extinguishes  the  flame,  and  will  remain  a  long 
time  in  the  lower  part  of  the  jar. 

Hence  in  wells  and  in  some  caverns,  carbonic  acid  gas  frequently 
occupies  the  lower  parts,  while  the  upper  parts  are  free  from  it.  The 
miners  call  it  choak  damp. 
Possesses      503.  When  combined  with  water  this  gas  reddens  vegetable  co- 
JjjJjJ*    l°ur?-    This  may  be  shown  by  dipping  into  water,  thus  impregnated, 
a  bit  of  litmus  paper,  or  by  mixing,  with  a  portion  of  it,  about  an 
equal  bulk  of  the  infusion  of  litmus.    This  establishes  the  title  of  the 
gas  to  be  ranked  among  acids.  When  an  infusion  of  litmus  which  has 
been  thus  reddened,  is  either  heated,  or  exposed  to  the  air,  its  blue 
colour  is  restored,  in  consequence  of  the  escape  of  the  carbonic  acid. 
This  is  a  marked  ground  of  distinction  from  most  other  acids,  the 
effect  of  which  is  permanent,  even  after  boiling. 
Test  of  it*     504.  Carbonic  acid  gas  precipitates  lime-water — this  character  of 
presence.    ^       ajfor(js  a  ready  test  of  its  presence,  whenever  it  is  suspected. 

Exp.  Pan*  the  gaa  as  it  proceeds  from  the  materials,  through  a  portion  of  lime-water. 

This,  though  perfectly  transparent  before,  will  grow  milky  :  Or,  mix  equal  mea- 
sures of  water  saturated  with  carbonic  acid,  and  lime-water. 

By  means  of  lime-water,  the  whole  of  any  quantity  of  carbonic 
acid,  existing  in  a  mixture  of  gases,  cannot,  however,  be  removed,  but 
recourse  must  be  had,  in  order  to  effect  an  entire  absorption,  to  a  so- 
lution of  caustic  potassa  or  soda.* 
A_ product  505.  As  all  common  combustibles,  such  as  coal,  wood,  oil,  wax, 
tion?m  U*"  tallow,  ice.  contain  carbon  as  one  of  their  component  parts,  so 
the  combustion  of  these  bodies  is  always  attended  by  the  production 
of  carbonic  acid. 

Exp.  I.  1-et  the  chimney  of  a  portable  fumace,  in  which  charcoal  is  burning  ter- 

minate, at  a  distance  sufficiently  remote  to  allow  of  its  being  kept  cool,  in  Uie 
bottom  of  a  barrel,  provided  with  a  moveable  top,  or  of  a  large  glass  vev*<l,  ha\  ing 
two  opi  ning*.  A  small  jar  of  lime-water  being  let  down  into  the  tube  or  vr«*rl. 
and  agitated,  the  lime-water  will  immediately  hecome  milky.  The  gas  will  also 
extinguish  burning  bodies,  and  prove  fatal  to  animals  that  are  confined  in  it. 

"P-  'i  Fill  the  pneumatic  trough  with  lime-water,  and  burn  a  candle,  in  a  jar 

filled  with  atmospheric  air,  over  the  lime-water  till  the  flame  is  extinguished. 
On  agitating  the  jar,  the  lime-water  will  become  milky.  The  same  appearances 
will  take  place,  more  speedily  and  remarkably  if  oxygen  gas  bo  substituted  for 
common  air.    11.  1.351. 

And  of  res-     506.  It  is  nlso  produced  by  the  respiration  of  animals  ;  hence  it  is 
pirauoo.     (jetected  often  in  considerable  proportion,  in  crowded  and  illuminated 
rooms,  which  are  ill-ventilated,  and  occasions  difficulty  of  breathing, 

giddiness,  and  faintness. 


*  If  excess,  c ilher  of  the  eras  or  of  its  aqueous  solution,  be  added  to  the  lime  water, 
the  precipitate  is  re-duaolTeil,  carbonate  ol  lime  being  soluble  in  i 
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The  production  of  carbonic  acid,  by  respiration,  may  be  proved  by   Sect,  nr. 
blowing  the  air  from  the  luntrs,  with  the  aid  of  a  quill,  through  lime- 
water,  which  will  become  milky. 

507.  Carbonic  acid  retards  the  putrefaction  of  animal  substances.  JjjjJjJ"  j|u" 

It  exerts  powerful  effects  on  living  vegetables.    These  effects,  ^  "fl^"' 
however,  vary  according  to  the  mode  of  its  application.    Water  sa-  on  vegeta- 
turated  with  this  pas,  proves  highly  nutritive  when  applied  to  the  Mm. 
roots  of  plants.    The  carbonic  acid  is  decomposed,  its  carbon  form- 
ing a  component  part  of  the  vegetable,  and  its  oxygen  being  liberated 
in  a  gaseous  form. 

On  the  contrary,  carbonic  acid,  when  a  living  vegetable,  is  con- 
fined in  the  undiluted  gas  over  water,  is  injurious  to  tha  health  of 
the  plant,  especially  in  the  shade. 

It  is  this  process  of  nature  that  appears  to  be  the  principal  means 
of  preventing  an  excess  of  carbonic  acid  in  the  general  mass  of  the 
atmosphere,  which,  without  some  provision  of  this  kind,  must  gradu- 
ally, in  the  course  of  ages,  be  rendered  less  and  less  fit  for  respira- 
tion. 

606.  Carbonic  acid  was  first  obtained  in  a  liquid  form  by  Faraday,  Liquefac- 
from  carbonate  of  ammonia  and  sulphuric  acid.    Very  strong  tubes  ^^j,. 
are  required,  and  even  those  which  have  held  fluid  carbonic  acid  for  ncid, 
many  days,  have,  upon  a  slight  elevation  of  temperature,  spontane- 
ously exploded  with  gTent  violence.    Great  care  is  necessary,  and 
the  protection  of  a  glass  mask,  goggles,  &c,  in  repeating  the  pro- 
cess with  glass  tubes.    The  liquid  acid  is  a  limpid,  colourless  body, 
extremely  fluid,  distilling  readily  at  the  difference  of  temperature 
between  32°  and  0°.    Its  refractive  power  is  much  less  than  that  of 
water.    Its  vapour  exerts  a  pressure  of  thirtysix  atmospheres  at  a 
temperature  of  32°.* 

A  safer  method  of  obtaining  the  liquid  acid  as  contrived  by  Thil-  Solidifica- 
lorier,  is  with  the  aid  of  a  strong  metallic  apparatus  in  which  it  may  1,00  of* 
be  condensed  mechanically.  When  allowed  to  escape  from  a  stop- 
cock attached  to  the  receiver,  the  liquid  gas  expands  with  so  much 
rapidity  that  great  absorption  of  caloric  attends,  and  a  part  of  the  gas 
is  rendered  solid,  resembling  snow.  A  reduction  of  temperature  to 
— 1625  is  said  to  have  been  obtained  by  this  means;  hence  mercury 
can  be  readily  frozen  by  it.t 

*  Faraday,  f*hil.  Trans. 

♦  See  Lond.  and  E<lin.  PhU.  Mag.  x.  158. 

The  experiment*  of  Thillorier  have  been  repeated  by  Mitchell  of  Philadelphia,  ly 
n>eansof  an  apparatus  consisting  of  two  strong  vessels  of  cast  iron.  The  tw  o  vessels 
«o  I*  firmly  attached,  a  stop  cock  being  interposed.  The  gns  is  generated  in  the 
lar>?vr  vessel.  The  materials  employed,  arc  1]  lbs.  of  bicarbonate  of  soda,  24  ounces 
of  water,  and  9  ounces  of  sulphuric  acid  ;  the  latter,  being  placed  in  a  smaller  vessel 
»hich  is  enclosed  in  the  cylinder,  is  not  allowed  to  come  in  contact  with  the  bicarl  o- 
n»te  of  soda  until  the  aperture  by  which  it  is  introduced  has  been  firmly  secured,  when 
[^■e  cylinder  is  brought  to  a  horizontal  position  and  the  liquids  are  mingled.  The  re- 
e*im,  previ»u«ly  cooled  by  ice,  is  now  attached,  and  the  liquid  carbonic  acid  allowed 
to  into  it,  from  whirh  it  may  be  permitted  to  escape  as  wanted. 
Th*  pressure  at  32°  was  found  by  Mitchell  to  1*  36  atmospheres,  at  66°,  60  atmos- 
>  and  at  86°,  72  atmospheres.    The  condensed  acid  obtained  by  Mitchell,  when 


weenlly  formed  was  about  the  weight  of  carbonate  of  magnesia,  perfectly  white,  and 
of  a  soft  and  spongy  texture.  It  evaporates  rapidly,  becoming  colder,  and  the  mass  may 
t*  kept  for  some  time.  A  quantity  weighing  346  graina  lost  from  three  to  four  grains 
per  minute  at  first,  but  did  not  entirely  disappear  for  three  hours  and  a  ball.    The  na- 
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ch»p.  in.      509.  Carbonic  acid  combines  with  bases,  and  the  compounds  are 

Carbon-     termed  carbonates  :  as  it  is  usually  retained  in  combination  by  very 

ates.        feeble  affinity,  so  it  is  evolved  from  most  of  the  carbonates  by  the 

simple  operation  of  heat.    Thus  chalk,  when  heated,  gives  out  car- 

Efferves-    bonic  acid,  and  becomes  quicklime.    It  is  also  evolved  from  its  com- 

cence.       binations  by  most  of  the  other  acids,  with  effervescence. 

Methods  of     510. 'The  quantity  of  carbonates  in  any  saline  mass,  may  be  as* 

?ngequanti-  certained  by  noting  the  quantity  of  carbonic  acid  disengaged.  This 

ties  of  car-  may  be  done  by  measuring  the  volume  of  gas,  or  by  ascertaining  its 
bonic  acid.  weight. 

In  the  first  case,  the  easiest  method  of  proceeding  is  to  fill  a  long  tube  (closed 
at  one  end,  and  capable  of  containing  two  or  three  cubic  inches),  nearly  full  of 
mercury,  filling  it  completely  afterwards  with  hydrochloric  acid  diluted  with  in 
equal  quantity  of  water.  The  thumb  is  placed  over  tins,  after  dipping  it  in  oil, 
or  rubbing  it  over  with  a  little  gas  lute,*  the  tube  inverted,  and  placed  in  a  cup 
of  mercury.  One  or  two  grains  of  the  solid  salt  are  then  introduced  into  the  tube, 
(the  experiment  is  most  easily  performed  with  a  fragment  of  some  carbonate,) 
and  the  moment  it  rises  to  the  top,  and  comes  in  contact  with  the  arid,  the  car- 
bonic acid  is  disengaged  with  enorvesccneo,  depressing  the  mercury,  and  it* 
amount  is  estimated  by  examining  the  volume  which  it  occupies  and  making  the 
usual  corrections;  one  equivalent  of  carbonic  acid  indicating  one  equivalent  of  a 
carbonate,  whatever  may  be  the  nature  of  the  base. 

In  the  other  method,  a  thin  glass  flask  or  bottle,  of  the  form  shown  in  Fig.  143, 
is  placed  on  one  of  the  scales  of  a  balance  with  some  hydrochloric  acid,  Hg.  148. 
and  accurately  counterpoised  along  with  a  given  weight  of  the  sub- 
stance under  examination,  and  the  bent  tube  passing  through  a  cork, 
which  fits  to  the  mouth  of  the  flask.  This  tube  is  put  in  when  the  acid 
and  carbonates  are  mixed  together,  to  prcvont  any  loss  from  particles  of 
liquid  that  may  be  thrown  up  during  the  effervescence,  and  it  is  evident 
that,  by  adding  weights  to  the  scale  on  which  the  glass  vessel  is  placed 
(when  the  effervescence  has  finished),  till  it  is  again  counterpoised, 
they  will  indicate  the  quantity  of  carbonic  acid  that  has  been  evolved ;  before 
weighing  it  the  second  time,  the  cork  and  tube  should  be  taken  out  till  the  car- 
bonic acid  gas  in  the  interior  has  been  blown  out  gently  by  a  pair  of  bellows.t 

A  convenient  mode  is  by  means  of  an  alkeUimeter.    Into  a  tube  sealed  at 
one  end,  '.M  inches  long,  |ths  of  an  inch  in  diameter,  and  as  cylindrical  as  possi- 
Alkalime-   hie  in  its  whole  length,  pour  1000  grains  of  water,  and  with  a  file  or  diamond,  mark 
ter.  the  place  where  its  surface  reaches,  divide  the  space  occupied  by  the  water  into 


tural  temperature  was  76°—  79°.  The  temperature  of  the  mass  continued  to  decrease, 
which  was  accelerated  by  any  means  for  increasing  the  evaporation.  At  its  formation 
the  carbonic  snow  depressed  the  thermometer  to  about— 85.  The  greatest  cold  pro- 
duced by  the  solid  acid  in  the  air  was — 109°,  under  an  exhausted  receiver — 136°. 

Mercury  placed  in  a  cavity  in  it  and  covered  up  with  the  same  substance,  was 
frozen  in  a  few  seconds.  At  about — 110°  liquid  sulphurous  acid  was  frozen,  and  at 
— 130°  alcohol  of  .798  assumed  a  viscid  and  oily  consistence,  and  at — 146°  was  like 
melted  wax.  Alcohol  of  .820  froze  readily.  A  piece  of  solid  carbonic  acid  applied 
to  the  skin  produced  a  ghastly  white  spot,  and  in  fiftoen  seconds  raised  a  blister. 

Its  specific  gravity  at  32°  P.  was  .93,  at  43°  S,  .8826.  Liquid  carbonic  acid  did  not 
appear  to  act  upon  any  of  the  metals  or  oxides.  When  the  liquid  acid  has  been  frozen 
in  a  tube  of  glass,  the  lube  may  be  melted  off  and  hermetically  sealed.  Such  a  tube 
will  always  retain  the  liquid,  or  gas;  the  former,  if  in  sufficient  quantity,  at  all  tem- 
peratures, if  not,  the  latter  alone  will  be  found  in  it  at  high  temperatures.  In  such  a 
tube  moisture  appears  at  56°,  and  a  constantly  elongating  cylinder  of  liquid  forms  as 
the  coldness  increases :  at  32°  the  cylinder  is  about  half  an  inch  in  length.  See 
Mitchell's  paper  and  plate  in  the  Jour,  of  Franklin  Institute,  vol.  xxii,  and  Amcr. 
Jour.  xxxv.  346. 

*  This  is  a  very  convenient  lute  for  rendering  joints  in  apparatus  light,  and  is  com- 
posed of  one  part  of  wax  and  three  of  lard  heated  together  until  of  uniform conaisteoce. 

tReid. 


Digitized  by  Google 


Carbonic  Oxide. 


iv. 


o 

r  » 

r 

r-  IS 
I-  20 

r  25 

f  30 
|  35 
40 
46 
SO 
55 
60 
65 
70 

r  75 
•  o 

85 


100  equal  parts,  aa  Bhown  in  Fig.  149.  Opposite  to  the  numbers  23,  piK.  (49, 
44,  48,  96,  54,  63,  and  65  draw  a  line,  and  at  the  first  write  soda, 
at  the  second  potassa,  at  the  third  carbonate  of  aoda,  and  at  the  fourth  ~V 
carbonate  of  potassa.  Prepare  a  dilute  acid  having  the  specific  gra- 
rity  of  1.127  at  60°,  which  may  be  made  by  mixing  one  measure  of 
concentrated  sulphuric  acid  with  four  measures  of  distilled  water. 
This  is  the  standard  acid  to  be  used  in  all  the  experiments,  being  of 
wen  strength  that  when  poured  into  the  tube  till  it  reaches  cither  of 
the  four  marks  just  mentioned,  we  shall  obtain  the  exact  quantity 
necessary  for  neutralizing  100  grains  of  the  alkali  written  opposite  to 
it.  If,  when  the  acid  reaches  the  words  carb.  potassa^  and  when, 
consequently,  we  have  the  exact  quantity  which  will  neutralize  100 
grain*  of  that  carbonate,  pure  water  be  added  until  it  reaches  0,  or 
the  beginning  of  the  scale,  each  division  of  this  mixture  will  neutral- 
ize! one  grain  of  carbonate  of  potassa.  All  that  is  now  required,  in 
order  to  ascertain  the  Quantity  of  real  carbonate  in  any  specimen  of 
pearlash,  is  to  dissolve  100  grains  of  the  sample  in  warm  water,  filter 
to  remove  all  the  insoluble  parts,  and  add  tho  dilute  acid  in  succes- 
siTe  small  quantities,  until,  by  the  test  of  litmus  paper,  the  solution 
iseiactl)  neutralized.  Bach  division  of  the  mixture  indicates  a  grain  of  pure 
carbonate.  It  is  convenient  in  conducting  this  process,  to  set  aside  a  portion  of 
tie  alkaline  liquid,  in  order  to  neutralize  the  acid,  in  case  it  should  at  first  be 
added  too  freely .• 

Carbonic  Oxide  A 

511.  Carbonic  Oxide,  discovered  by  Priestley,  is  usually  obtained  Carbonic 
by  subjecting  carbonic  acid  to  the  action  of  substances  which  abstract oxide- 

a  portion  of  its  oxygen.  Upon  this  principle,  carbonic  oxide  gas  is 
produced  by  heating  in  an  iron  retort  a  mixture  of  chalk  and  char- 
coal ;  or  of  equal  weights  of  chalk  and  iron  or  zinc  filings.  It  is 
also  obtained  by  the  distillation  of  the  white  oxide  of  zinc  with  one  How  ob- 
eighth  of  it's  weight  of  charcoal,  in  an  earthen  or  glass  retort ;  from  ^intd, 
the  scales  which  fly  from  iron  in  forging,  mixed  with  a  similar  pro- 
portion of  charcoal ;  from  the  oxides  of  lead,  manganese,  or,  indeed, 
of  almost  every  imperfect  metal,  when  heated  in  contact  with  pow- 
dered charcoal.  It  may  also  be  obtained  from  the  substance  which 
remains  after  preparing  acetic  acid  from  acetate  of  copper.  But  the 
mixture  that  affords  it  most  pure,  is  equal  parts  of  carbonate  of  ba- 
ryta and  clean  iron  filings  ;  these  should  be  introduced  into  a  small 
earthen  retort,  so  as  nearly  to  fill  it,  and  exposed  to  a  red  heat :  the 
first  portion  of  gas  being  rejected  as  mixed  with  the  air  of  the  retort, 
it  may  afterwards  be  collected  quite  pure. 

512.  A  very  elegant  mode  of  preparing  carbonic  oxide  has  been  Dumas's 
suggested  by  Dumas.}  The  process  consists  in  mixing  binoxalate 
of  potassa  with  five  or  six  times  its  weight  of  concentrated  sulphuric 
acid,  and  heating  the  mixture  in  a  retort  or  other  convenient  glass 
vessel.  Effervescence  soon  ensues,  owing  to  the  escape  of  gas,  con- 
sisting of  equal  measures  of  carbonic  acid  and  carbonic  oxide  gases  ; 
and  on  absorbing  the  former  by  an  alkaline  solution,  the  latter  is  left 
in  a  state  of  perfect  purity.  To  comprehend  the  theory  of  the  pro- 
cess, it  is  necessary  to  premise,  that  oxalic  acid  is  a  compound  of 
carbonic  acid  and  carbonic  oxide,  or  at  least  its  elements  are  in  the 
proportion  to  form  these  gases ;  and  that  it  cannot  exist  unless  in 
combination  with  water  or  some  other  substance.  No  w  the  sulphu- 
ric acid  unites  both  with  the  potassa  and  water  of  the  binoxalate, 


t  For  Composition,  &c.  see  (494) 
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Explodes 
with  oxy- 


Chap  in.  and  the  oxalic  acid  being  thus  set  free,  is  instantly  decomposed. 

Oxalic  acid  may  be  substituted  in  this  process  for  binoxalate  of 
potassa. 

It  may  also  be  obtained  by  transmitting  carbonic  acid  gas  over 
charcoal  ignited  in  a  porcelain  tube.  The  acid  gas  combines  with 
an  additional  dose  of  charcoal,  loses  its  acid  properties,  and  is  con- 
verted into  carbonic  oxide. 
Properties.  513.  Carbonic  oxide  gas  is  colourless  and  insipid.  It  does  not 
affect  the  blue  colour  of  vegetables  in  any  way  ;  nor  does  it  combine, 
like  carbonic  acid,  with  lime  or  any  of  the  pure  alkalies.  It  is  very 
sparingly  dissolved  by  water.  Lime-water  does  not  absorb  it,  nor  is 
its  transparency  affected  by  it. 

514.  The  nature  of  this  gas  was  first  made  known  by  Cruickshank, 
of  Woolwich,  in  1S02,*  and  about  the  same  time  it  was  examined 
by  Clement  and  Desormes.t 

It  extinguishes  flame,  and  burns  with  a  pale  blue  lambent  light, 
when  mixed  with,  or  exposed  to  atmospheric  air.  The  temperature 
of  an  iron  wire  heated  to  dull  redness  was  found  by  Davy  sufficient 
to  kindle  it. 

515.  A  mixture  of  carbonic  oxide  and  oxygen  gases  may  be  made 
to  explode  by  flame,  by  a  red-hot  solid  body,  or  by  the  electric  spark. 
If  they  are  mixed  together  in  the  ratio  of  100  measures  of  carbonic 
oxide  and  rather  more  than  50  of  oxygen,  and  the  mixture  is  inflam- 
ed in  Volta's  eudiometer  by  electricity,  so  as  to  collect  the  product  of 
the  combustion,  the  whole  of  the  carbonic  oxide,  together  with  50 
measures  of  oxygen,  disappears,  and  100  measures  of  carbonic  acid 
gas  occupy  their  place.  From  this  fact,  first  ascertained  by  Berthollet, 
and  since  confirmed  by  subsequent  observation,  it  follows  that  carbonic 
oxide  contains  half  as  much  oxygen,  and  as  much  carbon,  as  carbonic 
acid.  Accordingly  its  density  should  be  0.4215  (sp.  gr.  of  carbon  va- 
pour)-f-0.5512  (half  the  sp.  gr.  of  oxygen  gas)  =0.9727,  which  is  the 
number  found  experimentally  by  Dulongand  Berzelius.  Hence  100 
cubic  inches  should  weigh  30.1650  grains.  T. 

516.  It  is  extremely  noxious  to  animals,  and  fatal  to  thera  if  con- 
fined in  it.  When  respired  for  a  few  minutes  it  produces  giddiness 
and  fainting.    If  pure  it  almost  instantly  causes  profound  coma. 

517.  When  a  mixture  of  hydrogen  and  carbonic  acid  gases  is 
electrified,  a  portion  of  the  latter  yields  one  half  of  its  oxygen  to  the 
former;  water  is  generated,  and  carbonic  oxide  produced.  On  elec- 
trifying a  mixture  of  equal  measures  of  carbonic  oxide  and  protoxide 
of  nitrogen,  both  gases  are  decomposed  without  change  of  volume, 
and  the  residue  consists  of  equal  measures  of  carbonic  acid  and  ni- 
trogen gases.  The  carbonic  oxide  should  be  in  very  slight  excess 
in  order  to  ensure  the  success  of  the  experiment.  On  this  fact  ia 
founded  Henry's  method  of  analyzing  protoxide  of  nitrogen. 

518.  When  a  mixture  of  carbonic  oxide  with  more  than  half  its 
volume  of  oxygen  gas,  is  exposed  over  mercury,  in  contact  with 
spongy  platinum,  to  a  temperature  between  300°  and  310°  F.,  it  be- 
gins to  be  converted  into  carbonic  arid,  and  at  a  heal  of  a  few  de- 
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frees  higher,  is  wholly  acidified  in  the  course  of  a  few  minutes.    Sect,  v. 
Mixtures  of  these  two  gases  are,  however,  very  slowly  acted  upon  by 
the  platinum  sponge  at  common  temperatures.* 

519.  None  of  the  meta)s  exert  any  action  upon  this  gas,  except  By  potassi- 
potassium  and  sodium,  which  at  a  red  heat,  burn  in  it  by  abstracting  )|muamd  *°' 
its  oxygen,  and  carbon  is  deposited. 


Section  V.  Sulphur. 

Symb.  Sp.  Or  A  Eguir. 

S.  6.6558  air  =  1  By  Vol.  16.66 

96.60    Hyd  =  I  "  Wghl.  16-1 

520.  Sulphur  is  a  brittle  substance,  of  a  pale  yellow  colour;  insi-  Propertiea. 
pid  and  inodorous,  but  exhaling  a  peculiar  smell  when  heated.  Its 
specific  gravity  is  1.99.    It  becomes  negatively  electrical  by  heat  and 

by  friction. 

Sulphur  is  principally  a  mineral  product,!  and  occurs  massive  and 
crystallized  in  the  form  of  an  oblique  rhombic  octohedron.  Its  crys- 
tals are  in  a  high  degree  doubly  refractive. 

Massive  sulphur  is  chiefly  brought  from  Sicily  ;  it  occurs  native,  Native  sul- 
and   is   found    associated  with   sulphate   of  lime,    sulphate  ofp  * 
strontia,  and  carbonate  of  lime :  it  is  common  among  volcanic 
products.    Sulphur  occurs  also  in  some  mineral  waters,  partly  in 
a  free  and  partly  in  a  combined  stale,  in  combination  with  soda.^ 

Roll-sulphur  is  chiefly  obtained  from  native  metallic  sulphurets,  Roll, 
which  are  roasted  and  the  fumes  received  into  a  long  chamber  of 
brick-work,  where  the  sulphur  is  gradually  deposited  :  it  is  then  pu- 
rified by  fusion,  and  cast  into  sticks.    It  conducts  heat  imperfectly, 
and,  if  grasped  by  the  warm  hand,  splits  with  a  crackling  noise. 

521.  The  fusing  point  of  sulphur  is  216°  F.    Between  230°  and  Actiooof 
2S*)C  it  is  as  liquid  as  a  clear  varnish,  and  of  the  colour  of  amber  ; 

at  about  320°  it  begins  to  thicken,  and  acquire  a  red  colour;  on  in- 
creasing the  heat,  it  becomes  so  thick  that  it  will  not  pour.  From 
4S2°  to  its  boiling  point  it  becomes  thinner,  but  never  so  fluid  as 
it  248°. 

When  the  most  fluid  sulphur  is  suddenly  cooled,  it  becomes  brit- 
tle, but  the  thickened  sulphur,  similarly  treated,  remains  soft,  and 
more  soft  as  the  temperature  has  been  higher.  In  this  state  it  is  ap-  Us«. 
plied  to  taking  impressions  from  engraved  stones,  dec. II 

522.  Fused  sulphur  has  a  tendency  to  crystallize  in  cooling,  and  Crvatalli- 
by  good  management  regular  crystals  may  be  obtained.  zation  of, 

For  this  purpose  several  pounds  of  gulphur  should  be  melted  in  a  crucible  ; 
tod  when  partially  cooled,  the  outer  solid  crust  should  bo  pierced,  and  the  cruci- 
ble ouuklv  inverted  so  that  the  fluid  portion  within  may  gradually  flow  out,  on 
breaking  the  solid  mass,  when  quite  cold,  crystals  of  sulpnur  will  bu  found  in  the 


Fused  sulphur  will  remain  fluid  at  common  temperatures,  and  so- 
lidify when  touched  by  a  fragment  of  sulphur  or  a  thread  of  glass. 

•  Pkd.  Trans.  1824,  p.  271.  t  In  state  of  vapour. 

*  It  is  said  to  have  been  detected  in  several  vegetables  and  in  gum  arahic. 
saa's  Jlour.  «iv.  172-  f  Johnson's  report,  Rep.  Brit.  Assoc.  1S32. 

»  Set  directions  in  Dumas's  TraiU  dt  Chim.  1.  135. 
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chap.  Hi-  523.  Sulphur  is  very  volatile.  It  begins  to  rise  slowly  in  vapour 
Vaporiza-  even  before  it  is  completely  fused.  At  550°  or  600°  F.  it  volatilizes 
tioD  of.  rapidly,  and  condenses  again  unchanged  in  close  vessels.  Common 
sulphur  is  purified  by  this  process;  and  if  the  sublimation  be  con- 
ducted slowly,  the  sulphur  collects  in  the  receiver  in  the  form  of  de- 
tached crystalline  grains,  called  flowers  of  sulphur.  In  this  state 
however,  it  is  not  quite  pure  ;  for  the  oxygen  of  the  air  within  the 
apparatus  combines  with  a  portion  of  sulphur  during  the  process,  and 
forms  sulphurous  acid.  The  acid  may  be  removed  by  washing  the 
flowers  repeatedly  with  water. 

524.  Sulphur  is  insoluble  in  water,  but  has  been  supposed  to  unite 
Lac  sul-     with  it  under  favorable  circumstances,  forming  what  has  been 
phuria.      called  Lac  sidphuris  and  hydrate  of  sulphur,  but  which  is  consider- 
ed by  Berzelius  as  sulphur  with  a  minute  portion  of  hydrogen.  It  dis- 
solves in  boiling  oil  of  turpentine,  and  is  also  soluble  in  alcohol  if 
both  substances  are  brought  together  in  the  form  of  vapour.  The 
sulphur  is  precipitated  from  the  solution  by  the  addition  of  water. 
Contains       525.  Sulphur  retains  a  portion  of  hydrogen  so  obstinately  that  it 
hydrogen.  cannot  be  wholly  freed  from  it  either  by  fusion  or  sublimation. 

Davy  detected  its  presence  by  exposing  sulphur  to  Voltaic  electricity, 
when  some  hydrosulphuric  acid  gas  was  disengaged.  The  hy- 
drogen, from  its  minute  quantity,  can  only  be  regarded  as  an  acci- 
dental impurity,  and  as  not  essential  to  the  nature  of  sulphur. 
Density  of  526.  The  density  of  sulphur  vapour  was  found  bv  Dumas  to  lie 
iUTapour.  between  6.51  and  6.617,  and  by  Mitscherlich  to  be  6.9  :*  its  density 
by  calculation  (page  32)  is  6.6558.  Hence,  could  the  vapour  con- 
tinue as  such  at  60°  F.  and  30  bar.,  100  cubic  inches  should  weigh 
206.4076  grains. 

Test  of  the  527.  The  purity  of  sulphur  may  be  judged  of  by  heating  it  gntdu- 
purityof  ally  upon  a  piece  of  platinum  leaf;  if  free  from  earthy  impurities,  it 
sulphur.  si,ouid  totally  evaporate.  It  should  also  be  perfectly  soluble  in  boil- 
ing oil  of  turpentine.! 
Products  of  528.  When  sulphur  is  heated  in  the  open  air  to  300°  or  a  little 
tion°mbU8  h'£ner'  "l  kmd'es  spontaneously,  and  burns  with  a  faint  blue  light. 

In  oxygen  gas  its  combustion  is  far  more  vivid  ;  the  flame  is  much 
larger,  and  of  a  bluish  white  colour.  Sulphurous  acid  is  the  pro- 
duct in  both  instances  ; — no  sulphuric  acid  is  formed  even  in  oxygen 
gas  unless  moisture  be  present. 

The  oxygen  in  the  oxide  and  acid  of  neutral  sulphates  is  in  the 
ratio  of  1  to  3 ;  so  that  when  the  composition  of  a  metallic  oxide, 
and  the  quantity  of  acid  by  which  it  is  neutralized  are  known,  the 
equivalent  of  sulphur  may  be  calculated.  On  this  principle  has 
Equiralent.  gerze|jus  inferred ,  from  the  compnsition  of  sulphate  of  the  oxide  of 
lead,  that  the  equivalent  of  sulphur  is  16.12  ;  and  the  number  ob- 
tained by  Turner  in  the  same  way  from  the  same  salt  and  from  sul- 
phate of  baryta,  is  16.09.  As  a  mean  of  these  results,  16.1  maybe 
taken  as  the  equivalent  of  sulphur.  The  number  16  is,  for  many 
purposes,  a  sufficient  approximation. 

*  Ann.  de  Chim.  ct  de  Phys.  It.  8. 

t  Aikin's  Diet,  article  Sulphur.     It  sometimes  contains  arsenic,  for  detecting 
which  see  Brande's  Jour.  N.  S.  t. 
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Sulphur  and  Oxygen.    Sulphurous  Acid.  J*fcu  v' 

Composition. 

Fbrm.  Sp.  Gr.  C'icm.  Equiv.   Sid.  Oxy.  Equip. 

^\-20otS     2.21 17  air     =1     By  Vol     too.     16.1  or  1  eq.  +  tG  or  2  eq.  =  32.1 
32.10     Hyd.=l        *  Wght.  32.1. 

529.  Sulphurous  acid  is  a  gaseous  body  and  may  be  obtained  by  How  ob- 
burning-  sulphur  in  common  air  or  oxygen  gas  under  a  bell  glass. lained- 
It  is  also  procured  by  abstracting  part  of  the  oxygen  from  sulphuric 

acid.  This  may  be  done  in  several  ways.  If  chips  of  wood,  straw, 
or  cork,  oil  or  other  vegetable  matters  be  heated  in  strong  sulphuric 
acid,  the  carbon  and  hydrogen  of  those  substances  deprive  the  acid 
of  a  part  of  its  oxygen,  and  convert  it  into  sulphurous  acid.  Nearly 
all  the  metals,  with  the  aid  of  beat,  have  a  similar  effect. 

530.  The  most  usual  method  is  by  putting  two  parts  by  weight, 
of  mercury,  and  three  of  sulphuric  acid  into  a  glass  retort,  and  then 
raising  the  heat ;  sulphurous  acid  gas  is  formed,  and  may  be  col- 
lected and  preserved  over  quicksilver.  Half  an  ounce  of  mercury 
is  sufficient  for  the  production  of  several  pints  of  the  gas.  This  gas 
may  also  be  obtained  by  introducing  powdered  charcoal  into  a  retort 
and  pouring  over  it  concentrated  sulphuric  acid,  until  on  shaking  it, 
the  mass  appears  moist.  On  heating,  a  constant  stream  of  a 
mixture  of  two  volumes  sulphurous  acid  and  one  of  carbonic  acid 
gases  is  given  off,  which  continues  till  the  mass  becomes  dry 

As  this  gas  is  heavier  than  air,  when  a  mercu- 
rial trough  is  not  at  hand,  the  student  may  collect 
it  in  bottles,  by  the  arrangement  shown  in  Fig. 
150.  The  bent  tube  passes  loosely  through  the 
neck  of  the  receiver,  but  is  fixed  to  the  gas  bottle 
by  means  of  plaster-of-paris  and  water. 

531.  Water  takes  up  33  times  its  bulk  of  this 
gas,  it  must  therefore  be  collected  in  jars  or  bot- 
tles filled  with  mercury  and  over  the  mercurial 
trough,  t 


FiK  150. 


Collected 
in  bottles. 


Absorbed 
by  water. 


*  Knezaurek  in  Baumgartner's  Zeitechrift,  \x. 

t  The  apparatus  for  collecting  this  and  other  gases  which  are  absorbed  by  water,  is 
similar  to  thai  for  collecting  other  gases.  The  trough  may  be  made  ot  wood,  marhle, etL'"rM 
#oapMoue,  or,  what  is  prelerahle,  cast  iron,  well  fanu*h*d  to  prevent  its  rusting. 
Fig.  151  represents  a  convenient  mer 


Fig.  151. 

r 


I 
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carial  trough  ;  which  may  be  17  inches 
lung,  7  broad,  and  5  deep.  The  mercury 
do«s  not  pass  under  the  shelf,  so  that  the 
Holy  of  the  trough  is  only  about  hall  as 
broad  '  low  the  shelf  as  above,  and  it  id 
roanded  nt  the  bottom  to  save  an  unneces- 
sary quantity  of  mercury.  The  four  niches 
a  a' ii,  at  the  edge  of  the  shelf,  arc  to 
receive  the  beaks  of  retorts,  the  jars  being 
placed  ov*.Tthem  ;  the  rods  attached  to  two 
of  the  «ides  of  the  trough  are  intended  t^ 
»l*ady  any  tall  jar  left  upon  the  shelf.  Such  a  trough  requires  about  140  pounds  of 
mercury,  when  a  number  of  jars  are  used.    Also  see  Fig.  105. 

The  jars  for  the  mercurial  trough  should  he  at  least  one  tenth  of  an  inch  in  thick- 
ness, though  not  more  than  two  niches  in  diameter;  they  ought  also  to  be  ground  nt 
ihe  edges  that  they  may  be  removed  easily,  when  full  of  gas,  on  a  flat  g!a*s  plate  rub- 
bed over  with  a  little  gas  lute,  without  losing  anv  of  their  contents-  The  mercurial 
trough  should  be  placed  in  a  large  sheet  iron  tray,  to  prevent  the  loss  of  mercury. 
Blotting  paper  is  constantly  required  to  remove  any  acid  or  waier  that  may  collect  on 
the  surface  of  the  mercury,  ancf  after  any  acid  gas  has  been  prepared  over  it,  the  mcr- 


Digitized  by  Google 


164  Sulphur  and  Oxygen. 

Chap.  III.  Remove  a  jar,  filled  with  the  gas,  by  means  of  a  flat  glass  plate  held  firmly  to  it, 
~  or  place  the  thumb  or  finger  on  the  mouth  of  a  small  bottle  or  tube  fillea  with 

^P*  the  gas,  and  take  it  oft*  under  water.    The  gas  will  be  absorbed  and  the  water  be 

forced  up  the  vessel  with  violence.    The  acid  properly  of  the  gas  will  also  be 
evident  if  the  water  be  coloured  with  purple  cabbage, 
g  The  experiment  may  be  varied  by  inverting  the  vessel  over  mercury,  and  pass- 

p'  ing  a  small  quantity  of  water  up  tfirough  the  mercury  ;  the  latter  will  rise,  and 

the  water  will  be  seen  to  absorb  many  times  its  own  bulk  of  the  gas. 

Bleaches.  Qffi).  Sulphurous  acid  has  considerable  bleaching  properties.  It 
reddens  litmus  paper,  and  then  slowly  bleaches  it.  Most  vegetable 
colouring  matters,  such  as  those  of  the  rose  and  violet,  are  speedily 
removed,  without  being  first  reddened.  It  is  remarkable  that  the 
colouring  principle  is  not  destroyed  ;  for  it  may  be  restored  either  by 
a  stronger  acid  or  by  an  alkali.  Prepared  by  the  combustion  of  sul- 
phur, it  is  much  used  for  bleaching  cotton  goods*  and  also  for  whit- 
ening silk  and  wool ;  in  wine  countries  it  is  sometimes  used  to  check 
vinous  fermentation.  It  restores  the  colour  of  sirup  of  violets, 
which  has  been  reddened  by  other  acids. 

p  A  pleasing  instance  of  its  effect  on  colours,  may  ho  exhibited  by  holding  a 

P'  red  rose  over  the  blue  flame  of  a  common  match,  by  which  the  colour  will  oe 

discharged  wherever  the  sulphurous  acid  comes  in  contact  with  it,  so  as  to  ren- 
der it  beautifully  variegated,  or  entirely  white.  If  it  be  then  dipped  into  water, 
the  tedness,  after  a  short  time  will  be  restored. 

Noxious.  533.  This  gas  has  a  suffocating  nauseous  odour,  and  an  astrin- 
gent taste  ;  it  extinguishes  flame,  and  kills  animals  ;  it  is  exceed- 
ingly deleterious  to  vegetables,  even  in  very  minute  quantity  and 
proportion. t 

Davy's  an-  Davy  proved  that  sulphurous  acid  gas  contains  exactly  its 

alysiB.  own  volume  of  oxygen. t  and  consequently  the  difference  in  the 
weights  or  specific  gravity  of  these  gases  (2.2117 — 1.1024=1.1093), 
gives  the  weight  of  sulphur  combined  with  the  oxygen.  The  sul- 
phur and  oxygen  are  thus  found  to  be  in  the  ratio  of  1.1093  to  1.1024 
or  16.1  to  16.  T. 

Decompose    535.  Sulphurous  acid  suffers  no  change  at  a  red  heat,  but  if  mixed 

tion.  with  hydrogen,  and  passed  through  a  red-hot  tube,  water  is  formed 
and  sulphur  deposited  ;  under  the  same  circumstances,  it  is  also  de- 
composed by  charcoal,  by  potassium  and  sodium,  dec. 

Converted      536.  Sulphurous  acid  is  converted  to  the  state  of  sulphuric  acid  by 

intosul-     restoring  oxygen  to  it. 

pburicaoid.  ^  mixture  of  oxygen  and  sulphurous  acid  gases,  both  perfectly 
dry,  and  standing  over  mercury,  is  not  diminished  during  some 
months ;  but  if  a  small  quantity  of  water  be  added,  the  mixture  begins 
to  diminish,  and  sulphuric  acid  is  formed.  Or  if  water  impregnated 
with  sulphurous  acid  be  exposed  to  oxygen  gas  in  a  tube,  the  oxy- 
gen in  10  or  14  days  is  imbibed  and  sulphuric  acid  formed.  The 

cary  should  always  he  washed  with  water,  and  dried  with  a  towel  and  blotting  paper. 
A  red-hot  poker  held  for  a  short  lime  in  the  mercury  enables  this  to  be  done  more 
effectually  ;  it  is  in  this  manner  also,  thai  mercury  is  most  conveniently  brought  to  a 
proper  temperature  when  it  is  required  to  be  heated  for  particular  experiments 

The  beak  of  the  retort  must  be  placed  near  the  surface  of  the  mercury,  that  the  gas 
may  have  io  overcome  as  little  resistance  as  possible  in  rising  through  the  heavy  fluid  ; 
should  this  not  be  attended  to,  the  retorts  may  be  broken  by  the  pressure  from  within. 
No  gas  should  be  collected  till  the  atmospheric  air  has  been  all  expelled  from  the  re- 
tort.   See  Reid's  Elements  of  Proc.  Chcm. 

*  Quart.  Jour,  of  Sci.  iv.  196. 

t  See  Turner's  experiments  on  tite  effect  of  gates  on  vegetables,  Brewster's  Jour, 
Jan.  1828.  t  Elements,  273. 
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same  gases  in  a  state  of  mixture,  by  the  action  of  electricity  or  by  s«t.  v 
being  driven  through  a  red-hot  porcelain  tube,  afford  sulphuric  acid.  " 
The  proportions  required  for  mutual  saturation  are  two  measures  of 
sulphurous  acid  and  one  of  oxygen  gas. 

To  a  portion  of  water  saturated  with  sulphurous  acid  gas  add  a  little  oxide  Exp. 
of  manganese,  a  substance  that  contains  much  oxygen  loosely  combined ;  tho 
pungent  smell  of  the  water,  and  the  other  characteristics  of  sulphurous  acid  will 
*on  disappear.    H.  1.  385. 

537.  Sulphurous  acid  combines  with  metallic  oxides,  and  forms 
salts  which  are  called  sulphites,  which  are  decomposed  by  sulphuric 
and  then  emit  the  characteristic  odour  of  sulphurous  acid. 

Liquid  sulphurous  acid  is  obtained  by  transmitting  the  dry  Liquid 
pure  gas  through  a  glass  tube  surrounded  by  a  freezing  mixture  of 
snow  and  salt    It  boils  at  14°,  and  from  the  rapidity  of  its  evapora- 
tion causes  intense  cold.* 

539.  Faraday,  by  producing  sulphurous  acid  from  mercury  and  Liquefac- 
concentrated  sulphuric  acid  sealed  up  in  a  bent  tube,  obtained  it  in  a  "onofBUl- 
liquid  state,  very  limpid  and  fluid,  and  quite  colourless.    Its  refrac-  Lid'gas. 
tire  power  appeared  to  be  nearly  equal  to  that  of  water.    It  does  not 
•olidify  at  a  temperature  of  0°  F.    When  a  tube  containing  it  is 
opened,  it  does  not  rush  out  as  with  au  explosion,  but  a  portion  of 
the  liquid  evaporates  rapidly,  cooling  another  portion  so  much  as  to 
leave  it  in  a  liquid  state  under  common  barometric  pressure.    It  ra- 
pidly dissipates,  however,  without  appearing  in  visible  fumes,  but 
with  a  strong  odour  of  sulphurous  acid,  leaving  the  tube  perfectly 
dry.    A  piece  of  ice  dropped  into  the  fluid  instantly  made  it  boil 
from  the  heat  communicated  to  it.    The  specific  gravity  of  liquid 
sulphurous  acid  is  about  1.42,  at  45°  F.  it  exerts  a  pressure  of  about 
two  atmospheres,  t 

Sulphuric  Acid. 

Composition. 

Pirn.      Sp.  Or.  (anhydrous)      Chrm.  Equiv.  Sulph.         Ory.  Equip. 

2.7629  air    =1         By  Vol.    100.      1G.1  or  I  eq.+24  or  3  eq.=40.l 
^-lOorS     40.10    Hyd.=i        "  Wgat.   4o  I. 

510.  Sulphuric  acid  has  been  long  known  under  the  name  of  oil  Fuming 

of  vitriol,  and  is  supposed  to  have  been  discovered  by  Basil  Valen-  Jfordlma- 

tine  in  the  15th  ceulury.    It  is  prepared  in  large  quantities  for  the  sen. 

purposes  of  the  arts.    At  Nordhausen,  in  Germany,  the  sulphate  of 

oxide  of  iron  (green  vitriol)  is  decomposed  by  heat,  and  a  dense  oily 

liquid  of  a  dark  colour  is  obtained,  which,  from  its  emitting  white 

fumes,  is  known  ns  fuming  sulphuric  acid.    It  has  a  specific  gravity 

of  l.SOBor  1.90* 

541.  In  the  United  States  and  most  other  places,  sulphuric  acid  is  usuai  pro- 
manufactured  from  sulphur  and  nitrate  of  potassa.  cc»», 

The  mixture  is  burned  in  a  large  room  or  chamber  lined  with  lead  and  cover- 
♦d  u>  the  depth  of  several  inches  with  water.  Tho  sulphur  is  converted  into 
wlphurous  acid  during  its  combustion,  and  a  portion  of  it  into  sulphuric  acid  by 
combining  with  some  of  the  oxygen  of  the  nitre,  nitrous  arid  and  binoxide  of  nitro- 
gen being  disengaged.  The  sulphurous  acid  combines  with  the  nitrous  acid  and 
•«**  watery  vapour,  forming  a  crystalline  compound  which  is  decomposed  by 

•  See  Bussy's  process  in  Bost.  Jour,  of  Philcs.  li.  359. 

t  Phii.  Trans.  1823,  p.  190.  Sulphurous  acid  is  employed  in  some  diseases  under 
the  name  of"  Sulphar  baths,"  for  a  description  cf  which,  see  Dumas'  TraiU,  vol.  i.  163. 

*  For  details  see  Turner  194,  and  Anur.  Jour  Sci.  xx  347. 
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Theory 
illustrated. 


Chap.  HI.  the  water  at  the  bottom  of  the  chamber,  being  converted  into  sulphuric  acid, 

 which  remains  in  combination  with  the  water,  and  binoxide  of  nitrogen  gas, 

which  is  disengaged.  All  the  binoxide  rises  in  the  chamber,  and  mixing  with  a 
fresh  quantity  of  atmospheric  air,  combines  with  the  oxygen  and  forms  a  den** 
ruddy  vapour  (nitrous  acid),  which  immediately  falls  down  in  consequence  of  its 
great  specific  gravity,  and  meeting  with  more  sulphur  ousacid  and  watery  vapour, 
a  crystalline  compound  is  again  formed,  which  is  resolved  as  before  into  sulphuric 
acid  and  binoxide  of  nitrogen.  In  this  manner,  a  small  quantity  of  nitre  is  made 
to  communicate  or  band  over,  as  it  were,  a  largo  quantity  of  oxygen  from  the  air 
to  the  sulphurous  acid,  and  the  same  series  of  combinations  and  decompositions 
goes  on  till  the  water  at  the  bottom  of  the  chamber  has  become  strongly  acid. 
It  is  then  boiled  in  leaden  vessels  to  expel  a  part  of  the  water,  and  the  concen- 
tration finished  in  large  glass  retorts  in  a  sand  bath,  or  in  platinum  retorts  placed 
over  the  open  fire. 

542.  The  theory  of  the  preparation  of  sulphuric  acid  may  be  illus- 
trated very  beautifully  on  the  small  scale  by  making  sulphurous  acid 
and  nitrous  acid  meet  together  in  a  glass  vessel,  and  as  the  experi- 
ment is  intended  solely  for  illustration,  the  sulphurous  acid  may 
be  prepared  by  the  decomposition  of  sulphuric  acid. 

Into  one  of  the  small  rotnrts,  (Fig  152,)  Fig.  Ifii, 

which  should  be  large  enough  to  hold 
about  three  or  four  ounces  of  water  when 
full, — put  400  grains  of  mercury  and  (100 
grains  of  sulphuric  acid,  and  into  the  other 
bO  or  90  grains  of  sugar.  Heat  the  first 
retort  by  a  chauffer,  and  when  the  sulphu 
rous  acid  begins  to  come  over,  pour  300 
grains  of  nitric  acid  over  the  sugar,  previ- 
ously diluted  with  an  equal  bulk  of  water, 
and  heat  the  retort  gently  till  the  nitrous 
acid  fumes  begin  to  come  over,  which  are 
formed  by  the  sugar  attracting  oxygen 
from  the  nitric  acid.  When  tbo  gases 
meet  in  tbo  large  jar,  (into  which  the  re- 
torts are  fixed  by  being  ground  to  the  tu- 
hnltircs,  or   having   their   beaks  passed 

through  corks  fitted  to  them,)  a  crystalline  compound  is  soon  deposited  on  the 
sides  of  the  vessel  in  beautiful  dcndritical  crystals,  which  often  cover  its  whole 
surface.  Kcmovo  the  retorts  when  either  the  sulphurous  or  nitrous  acid  cease? 
to  conic  over,  and  pour  a  little  water  into  the  vessel ,  a  brisk  effervescence  will 
take  plnce  wherever  it  comes  in  contact  with  the  crystalline  compound,  which 
is  resolved  into  binoxide  of  nitrogen  and  sulphuric  acid,  the  former  producing 
ruddy  coloured  fumes  as  it  comes  into  contact  with  the  air,  and  the  latter  being 
retained  in  combination  with  the  water.  Rcid. 

»543.  Sulphuric  acid  obtained  by  the  usual  process  is  not  pure, 
being  contaminated  by  potassa  and  the  oxide  of  lead,  and  sometimes 
iron,  the  first  derived  from  the  nitre,  and  the  two  latter  from  the 
leaden  chamber.  To  separate  them  the  acid  should  bo  distilled 
from  a  glass  or  platinum  retort.  The  former  may  be  safely  used  by 
putting-  into  it  some  pieces  of  platinum  leaf,  which  causes  the  acid 
to  boil  freely  on  applying  heat,  without  danger  of  breaking  the  ves- 
sel. Arsenious  acid,  derived  from  arsenic  in  the  sulphur  u:>ed  in 
the  manufacture,  has  been  lately  detected  in  most  of  the  oil  of  vitriol 
made  in  Germany,  and  from  that  source  arsenic  is  introduced  into 
preparations  for  which  such  acid  is  employed, as  into  phosphorus  and 
hydrochloric  acid.  It  is  discovered  by  diluting  with  water  and  trans- 
mitting through  the  solution  hydrosulphuric  acid  gas,  which  causes 
or;  iment  to  be  lormcd.  The  oil  of  vitriol  may  be  purified  from  ar- 
senious acid  by  adding  a  little  hydrated  peroxide  of  iron  before  dis- 
tilling. T. 
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Sulphuric  Acid— Analysis  of. 


The  oil  of  vitriol  of  commerce  often  contains  sulphate  of  lend,   Sect,  v. 

which  may  be  detected  in  the  cold  acid,  by  adding  a  few  drops  Hayes's 

of  hydrochloric  acid.    The  precipitate  is  allowed  to  subside  and  the  te,st  for  »ul- 
i         *  i  j  i  *  phate  of 

clear  acid  decanted.*  fead. 

544.  Sulphuric  acid  of  commerce  is  a  limpid,  colourless  fluid,  of  properties, 
a  thick  and  oily  consistence,  having  a  specific  gravity  of  1.84;  it  is 

acrid  and  caustic,  and  even  when  largely  diluted  with  water  produc- 
es a  very  sour  liquid. 

545.  ft  boils  at'620°  and  freezes  at  —  15°,  contracting  at  the  same  Wltof 
time  considerably  in  its  dimensions.    But  the  temperature  at  which  IHMDl* 
the  diluted  acid  congeals  is  singularly  modified  by  the  quantity  of 
water  which  it  contains.    At  the  specific  gravity  of  1.780  it  freezes 

at  45°  :  but  if  the  density  be  either  increased  or  diminished,  a  great- 
er cold  is  required  for  its  congelation. t  Its  boiling  point  diminish- 
es with  its  dilution. 

546.  It  is  acrid  and  caustic,  and  when  diluted  with  water,  pro- 
duces a  very  sour  liquid.    When  mixed  suddenly  with  water,  (66)  Mixture 
considerable  heat  is  produced.    Four  parts  by  weight,  of  concentra-  w,th  water, 
ted  sulphuric  acid,  and  one  of  water,  when  mixed  together,  each  at 

the  temperature  of  50°  F.  have  their  tempernture  raised  to  300°. 
The  greatest  elevation  of  temperature,  Ure  finds  to  be  occasioned  by 
the  sudden  mixture  of  73  parts  by  weight  of  strong  sulphuric  acicl 
with  27  of  water. 

517.  It  rapidly  absorbs  water  from   the  atmosphere.     Even  a  Imbibes 
boiling  temperature,  when  it  is  concentrated,  does  not  prevent  jlsmou,ure- 
taking  up  moisture  from  the  air ;  hence  it  cannot  be  concentrated  so 
well  in  an  open  as  in  a  close  vessel,  on  which  account,  retorts  of 
glass  or  platinum,  are  used  for  the  last  singe  of  its  concentration  by 
the  manufacturers. 

It  chars  animal  and  vegetable  substances,  and  is  apt  to  acquire  a 
brown  tinge  from  any  small  particles  of  straw,  resin,  or  other  mat- 
ter? that  moy  accidentally  have  fallen  into  it. 

548.  The  strength  of  sulphuric  acid  is  best  judged  of  by  ditutinq-  Method  of 

.1  •  ■        r  » t_         •  i         j         i  _  .  j       I  •  i  determin- 

a  known  wetght  of  the  acid  moderately  with  water,  and  while  jng  x^e 

warm,  adding  pure  anhydrous  carbonate  of  soda,  until  the  solution  strength  of 

is  eiacily  neutral.    Every  53.42  parts  of  the  carbonate  required  to  *"{jhonc 

produce  "this  effect,  correspond  to  40.1  parts  of  real  sulphuric  acid. 

For  common  purposes  the  strength  of  the  acid  may  be  estimated 

from  its  specific  gravity.!  •  Ai  r 

•549.  The  decomposition  of  sulphuric  acid  may  be  effected  by  pas-  fcU"JhJuB"c 
?ing  it  through  a  red-hot  platinum  tube,  when  it  is  resolved  into  sul-  aad, 
pburous  acid,  oxygen  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the  pro- 
duction of  carbonic  and  sulphurous  acids  ;  with  phosphorus  it  pro- 
duces phosphoric  and  sulphurous  acids  ;  and,  with  sulphur,  sul- 
phurous acid  is  the  only  product.  It  is  decomposed  by  several  of 
the  metals,  which  become  oxidized,  and  evolve  sulphurous  acid,  as 
shown  in  the  production  of  this  acid,  by  boiling  sulphuric  acid  with 
mercury  (530),  tin,  lead,  6cc. 

•  Hsyes  in  Amer.  Jour.  xtii.  195.  t  Keir,  Irish  Phil.  Travt.  iv.  Si. 

:  For  table  of  strength  of  this  acid  of  different  densities,  see  Appendix. 
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Sulphur  and  Oxygen. 


ch*P.  in.     The  liquid  acid  is  also  decomposed  by  platinum  wires,  communi- 
Bygalran-  eating  with  the  extremities  of  a  galvanic  pile, 
ism.  550.  Sulphuric  acid  is  largely  consumed  in  n  variety  of  manu- 

Use».       factures.    It  is  used  by  the  makers  of  nitric,  hydrochloric,  citric,  and 

tartaric  acids  ;  by  bleachers,  dyers,  tin-plate  makers,  brass-founders, 

gilders,  &c. 

Tesu.  551.  Baryta  in  solution  detects  the  presence  of  sulphuric  acid,  a 

white  insoluble  sulphate  of  baryta  being  precipitated.  The  precipi- 
tate heated  with  charcoal  before  the  blow-pipe  is  decomposed ;  on 
moistening  it  with  water  and  touching  it  with  a  solution  of  a  salt  of 
lead,  the  sulphur  renders  the  lead  black.  This  acid  gives  a  copious 
white  precipitate  with  soluble  salts  of  lead. 

Hyposulphurous  Acid. 
Composition. 

Form.  Sulph.  Oxy.  Equit. 

2S+20ors  32.2  or  2  eq.       +     16or2eq.  =  48.2 

552.  Hyposulphurous  acid  may  be  formed  by  digesting  sulphur 
in  a  solution  of  a  sulphite  (a  compound  of  sulphurous  acid  and  a 
salifiable  base,)  the  two  equivalents  of  oxygen  in  the  sulphurous 
acid  combining  with  an  additional  quantity  of  sulphur,  and  being 
thereby  converted  into  two  equivalents  of  hyposulphurous  acid.  It 
is  not  easy  to  procure  this  acid  in  a  free  state. 

553.  It  is  distinguished  by  the  peculiar  relation  it  has  to  the  oxide 
of  silver,  combining  with  it  in  preference  to  soda,  which  is  easily 
separated  from  this  acid  by  the  oxide,  the  only  instance  where  a  me- 
tallic oxide  can  separate  a  fixed  alkali  from  an  acid,  without  the  aid 
of  some  other  affinity. 

The  solution  of  all  the  neutral  hyposulphites  dissolves  recently- 
precipitated  chloride  of  silver  in  large  quantity,  and  forms  with  it 
a  liquid  of  an  exceedingly  sweet  taste. 

Hyposulphuric  Acid. 
Composition. 

Form.  Siilph.  Oxy.  Equiv. 

2S+50or'j*  32.2  or  2  eq.     -f     40  or  6  eq.     ss  72.2 

554  This  acid  discovered  by  Welter  and  Gay-Lussac  in  1819, 
is  prepared  by  transmitting  sulphurous  acid  through  water  in  which 
finely  powdered  peroxide  of  manganese  has  been  suspended,  a 
portion  of  the  oxygen  of  the  oxide  combining  with  some  of  the  sul- 
phurous acid  and  forming  sulphuric  acid,  part  of  which  unites  with 
the  remaining  sulphurous  acid,  by  which  the  hyposulphuric  acid  is 
produced.  Both  acids  remain  in  combination  with  oxide  of  mangan- 
ese, and  by  adding  baryta  it  is  precipitated,  the  sulphuric  acid  being 
also  thrown  down  in  combination  with  part  of  the  baryta,  while 
the  hyposulphuric  acid  unites  with  the  rest,  and  remains  in  solution. 
By  cautiously  adding  sulphuric  acid  the  baryta  is  removed,  and  the 
hyposulphuric  acid  remains  in  solution.  R. 
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Soci.  VJ. 

Section  VI.  Phosphorus. 

Symb.  fty>.  Gr.  Cficm.  JS^m'r. 

P.  4.32C9    Air    =  I        By  Vol.  25 

62.80      Hyd.=  I        ,f  Wght.  15.7 

555.  Phosphorus  (qp6K7<p6ooc  from  qpeic  light  and  (flqetv  to  carry), 
so  called  from  its  property  of  shining  in  the  dark,  was  discovered 
about  the  year  1669  by  Brandt,  an  alchemist  of  Hamburgh.  It  was 
originally  prepared  from  urine ;  but  Scheele  afterwards  described  a 
method  of  obtaining  it  from  bones,  which  is  now  generally  prac- 
tised. 

556.  The  object  of  the  process  is  to  bring  phosphoric  acid  in  con- 
tact with  charcoal  nt  a  strong  red  heat.  The  charcoal  takes  oxy- 
gen from  the  phosphoric  acid  ;  carbonic  acid  is  disengaged,  and 
phosphorus  is  set  free. 

As  the  process  for  obtaining  phosphorus  is  tedious  and  not  unat-  process, 
tended  with  danger,  and  as  it  can  readily  be  obtained  from  the  drug- 
gist, it  will  be  sufficient  to  illustrate  the  principle  on  which  it  is  pre- 
pared. 

For  this  purpose  30  or  40  grains  of  a  mixturo  of  phosphoric  acid,  or  of  the 
superphosphate  of  lime,*  with  half  it*  weight  of  charcoal  may  bo  put  into  a 
cUm  tube  sealed  at  one  end,  about  a  foot  in  length  and  half  an  inch  in  diameter. 
The  tube  should  be  coated  with  a  mixture  of  two  parts  of  cluy  and  one  of  sand, 
previously  mixed  with  cut  thread  or  flax,  and  then  wrapped  round  with  iron 
wire.  T/he  coating  need  not  extend  farther  than  an  inch  beyond  the  part  to 
which  the  mixture  reaches  when  it  has  been  introduced,  as  this  alone  is  to  be 
exposed  to  heat.  It  is  placed  in  a  chaufTer  with  a  hole  cut  in 
the  side,  as  shown  in  the  figure,  and  a  chimney  placed  over 
it  to  increase  the  heat ;  the  tube  should  be  gently  inclined 
downwards,  to  carry  off  any  watery  vapour,  and  tho  end 
wbicb  is  not  coated  had  better  bo  draws  out  at  the  blow- 
pipe when  the  mixture  has  been  put  in,  till  it  is  about  a 
quarter  or  an  eighth  of  an  inch  in  diameter.  A  green  glass 
tube  u  better  than  one  of  flint  glass,  as  it  is  not  so  easily 
inched.  A  mixture  of  red  hot  cinders  and  charcoal  gives 
the  best  fire  for  this  experiment.  When  the  heat  has  be- 
come sufficient,  the  phosphorus  comes  over,  condensing 
•Jong  the  sides  of  tho  tube,  and  a  flame  appears  at  the  open 
end,  similar  to  what  is  producod  by  the  combustion  of  phos- 
phorus. If  the  tube  is  broken  off  abovo  the  point  where  it  is  coated,  after  gas 
eatsts  to  be  disengaged,  on  blowing  through  it  the  phosphorus  will  take  fire  and 
barn  with  a  vivid  light.  Reid. 

557.  Pure  phosphorus  is  transparent  and  almost  colourless.  It  is  properuet> 
to  soft  that  it  mny  be  cut  with  a  knife,  and  the  cut  surface  has  a 

waiy  lustre.  At  the  temperature  of  108°  it  fuses,  and  at  550°  is 
converted  into  vapour,  which  according  to  Dumas  has  a  sp.  gr. 
of  4.355. 

Phosphorus  is  exceedingly  inflammable.  Exposed  to  the  air  at 
common  temperatures,  it  undergoes  slow  combustion,  emits  a  while 
▼spour  of  a  peculiar  alliaceous  odour,  appears  distinctly  luminous 
in  the  dark,  and  is  gradually  consumed.  On  this  account,  phos- 
phorus should  always  be  kept  under  water. 

•  Obtained  by  digesting  calcined  bones  for  a  day  or  two  with  half  their  weight  ot 
strong  sulphuric  acid,  with  the  addition  of  so  much  water  as  will  give  the  consis- 
te&es  of  ■  thin  P*ste  ;  sparingly  soluble  sulphate  and  a  soluble  *uperphn-;phate  <»f 
bar  are  found.  The  latter  is  dissolved  in  warm  water,  and  alter  filtration,  evaporated. 
22 
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The  disappearance  of  oxygen  which  accompanies  these  changes 
is  shown  by  putting  a  stick  of  phosphorus  in  a  jar  full  of  air,  in- 
verted over  water.  The  volume  of  the  gas  gradually  diminishes; 
and  if  the  temperature  of  the  air  is  at  60°,  the  whole  of  the  oxygen 
will  be  withdrawn  in  the  course  of  12  or  24  hours.  The  residue  is 
nitrogen  gas,  containing  about  l-40th  of  its  bulk  of  the  vapour  of 
phosphorus.  It  is  remarkable  that  the  slow  combustion  of  phos- 
phorus does  not  take  place  in  pure  oxygen,  unless  its  temperature 
be  about  80°.  But  if  the  oxygen  be  diluted  with  nitrogen,  hydro- 
gen, or  carbonic  acid  gas,  the  oxidation  occurs  at  60° ;  and  it  takes 
place  at  temperatures  still  lower  in  a  vessel  of  pure  oxygen,  rarefied 
by  diminished  pressure.  Graham  finds  that  minute  quantities  even, 
of  some  gases  have  a  remarkable  effect  in  preventing  the  slow  com- 
bustion of  phosphorus.* 

558.  If  a  stick  of  dry  phosphorus  be  dusted  over  with  powdered 
rosin  or  sulphur,  and  then  introduced  under  the  receiver  of  an  air- 
pump,  it  will  be  found  that,  as  soon  as  the  exhaustion  commences, 
the  phosphorus  will  become  luminous,  which  appearance  increases 
as  the  rarefaction  proceeds,  until  finally  the  phosphorus  inflames. 

In  all  experiments  with  phosphorus,  great  care  must  be  taken,  as 
it  is  so  easily  kindled.  It  should  be  cut  under  water  and  be  held 
by  forceps. 

A  very  slight  degree  of  heat  is  sufficient  to  inflame  phosphorus 
in  the  open  air.  Gentle  pressure  between  the  fingers,  or  a  tempera- 
ture not  much  above  its  point  of  fusion,  kindles  it  readily. 

According  to  Higgins,  a  temperature  of  60°  is  sufficient  to  set  it 
on  fire,  when  properly  dry. 

It  may  be  set  on  flro  by  friction.  Rub  a  very  small  bit  between  two  pieces 
of  brown  paper ;  tbo  phosphorus  will  inflame,  and  will  set  the  paper  on  fire 


559.  Its  combustion  is  far  more  rapid  in  oxygen  gas,  and  the 
light  proportionally  more  vivid.t 

This  may  be  done  in  a  glass  vessel  of  the  annexed  shape.  (Fig  154.)  It  is 
filled  with  water  after  putting  a  cork  into  the  opening  at  the  top,  p* 
shelf  of  a  large  pneumatic  trough,  in  the  same  manner  as  a  jar, 
and  oxygen  gas  introduced  by  the  lower  aperture.  When  quite 
full,  it  is  allowed  to  drain,  removed  on  a  flat  plate  of  metal  and 
placed  over  a  small  cup  containing  the  phosphorus ;  sand  being 
placed  to  the  depth  of  half  an  inch  where  the  jar  is  to  rest.  The 
cork  is  then  taken  out,  and  a  thin  plate  of  copper  placed  over  the 
top  after  the  phosphorus  has  been  kindled  by  an  iron  wire ;  the 
copper  plato  allows  part  of  the  oxygen  to  escape  freely  when  ex- 
panded by  the  heat.  Corks  should  never  be  put  in  the  mouths  of  the 
vessels,  as  they  are  generally  set  on  fire;  and  if  the  expanded  gas 
cannot  easily  escape,  the  apparatus  will  be  blown  to  pieces.  It  is  often  broken 
also,  when  a  large  quantity  of  phosphorus  is  employed.  100  cubic  inches  of 
oxygen  can  combine  with  about  24  grains  of  phosphorus,  but  8  or  10  grains  will 
be  sufficient  for  this  experiment. 


*  See  Quart.  Jour.  o/Sd.  N.  S.  vi.  83.,  and  note  to  Turner's 
page  198. 


t  For  a  method  of  exhibiting 
Hare's  compendium  ^  103. 


with  splendour  and  collecting  the  products,  «• 


.  * 
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When  a  large  jar  is  used  it  will  be  more  convenient  to  Fl*  155«  Sect  VT. 

exhaust  the  air,  by  means  of  the  air-pump,  connecting  it 
with  a  brass  plate  well  ground  to  the  upper  lip  of  the  jar  j 
(Fig.  155,)  as  the  air  is  pumped  out  the  water  will  rise  ; 
when  the  jar  is  filled,  the  stop-cock  being  closed,  the 
connecting  pipe  may  be  detached.  Or  if  the  jars  are 
not  too  large,  the  air  may  be  drawn  out  by  the  mouth. 
It  is  not  however,  alwayB  necessary  to  fill  a  jar  with 
water,  as  the  gas  from  its  weight,  may  be  passed  in  by 
a  pipe  descending  to  the  bottom  and  the  atmospheric  air 
be  displaced,  as  described  page  154. 

560.  When  kept  for  a  long  time  under  water,  especially  if  ex-  Effect  of 
posed  to  light,  phosphorus  acquires  a  thin  coating  of  white  matter,  u«bt, &c- 
which  according  to  Rose,*  seems  to  be  phosphorus  in  a  peculiar  me- 
chanical state,  which  deprives  it  of  its  usual  action  upon  light,  and 
renders  it  opaque. 

561.  Phosphorus  is  soluble  in  oils,  and  communicates  to  them  Solution  in 

the  property  of  appearing  luminous  in  the  dark  ;  alcohol  and  ether  oU,&c* 

also  dissolve  it,  but  more  sparingly. 

This  may  be  shown  by  pouring  a  email  quantity  of  cither  of  these  liquids,  Exp. 
in  which  phosphorus  has  been  dissolved,  upon  the  surface  of  warm  water  in 
a  dark  room. 

It  is  tasteless  and  insoluble  in  water,  but  proves  poisonous  when 
taken  into  the  stomach. 

562.  The  researches  by  Berzeliua  have  shown  that  the  oxygen  in  Atom  of 
phosphorus  and  phosphoric  acids  is  in  the  ratio  of  3  to  5.    It  js™Pho»Ph°- 
hence  inferred  that  the  smallest  molecule  of  phosphoric  acid  con- 
tains five  atoms  of  oxygen.    Also  Berzelius  finds  that  31.4  parts  of 
phosphorus  require  40  of  oxygen  for  forming  phosphoric  acid  :  if 

this  acid  consist  of  one  atom  of  phosphorus  and  five  atoms  of  oxy- 
gen, 31.4  will  represent  one  atom  of  phosphorus ;  or  if  the  acid 
contain  two  atoms  to  five,  the  atom  of  phosphorus  will  be  half  31.4 
or  15.7.  It  is  doubtful  which  view  is  preferable,  but  we  may  con- 
tinue to  use  15.7  as  its  equivalent.    T.  200. 

563.  Phosphorus  is  largely  consumed  in  the  preparation  of  match-  u»««- 
es  for  obtaining  instantaneous  light.t 

Oxide  of  Phosphorus. 
Composition. 

Pbrm.  Phos.  Oxy.  Equiv. 

3P-K)  or  P30      47.1  or  3  eq.     +     8  or  1  eq.    =  55.1 

564.  When  a  jet  of  oxygen  gas  is  thrown  upon  phosphorus  while  Formation 
in  fusion  under  hot  water,  combustion  ensues,  phosphoric  acid  is  phospho-° 
formed,  and  a  number  of  red  particles  collect,  which  have  been  con-  rua. 
sidered  as  oxide  of  phosphorus.    The  red  matter  left  when  phos- 
phorus is  burned  is  probably  of  the  same  nature. 

Place  a  few  grains  of  phosphorus  in  a  deep  glass,  a  champaign  glass  is  the  Exp. 
best,  fill  it  up  with  hot  water,  and  pass  down  upon  the  phosphorus  a  stream  of 
oxygen  gas,  by  means  of  a  brass  pine  (the  common  blow-pipo  of  jewellers  : 


straight  answers)  attached  to  a  flexible  tube  connected  with  a  gasometer  or 
bladder  containing  oxygen  gas. 

*  Pog.  Anncd.  xxvii-  565. 

t  The  matches  are  made  by  attaching  phosphorus  to  the  sulphur  in  which  they 
e  previously  dipped,  or  by  dipping  them  into  a  composition  of  phosphorus,  chlorate 


of  pbtassa,  solphuret  of  antimony  and  glue.  The  composition  for  what  are  known  as 
'*  Loco  foco"  matches,  is  a  paste  made  with  about  4  parts  of  some  earthy  matter,  as 
powdered  chalk,  1  part  phosphorus,  and  1  glue,  dissolved  in  water  with  the  aid  of 
heat :  into  this  the  matches,  previously  prepared  with  sulphur,  are  dipped.  These 
matches  ignite  by  slight  fricuon. 
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c**p.m.  565.  The  oxide  is  of  a  red  colour,  without  taste  or  odour,  and  inso- 
luble in  water,  ether,  alcohol,  and  oil.  It  is  permanent  in  the  air, 
even  at  662°  F.,  but  takes  fire  at  a  low  red  heat.  Heated  to  redness 
in  a  tube,  phosphorus  is  expelled,  and  metaphosphoric  acid  remains. 
It  takes  fire  in  chlorine  gas,  and  is  rapidly  oxidized  by  nitric  acid. 
It  does  not  appear  to  possess  any  alkaline  character.*    T.  2W. 

Hypophosphorous  Acid. 
Composition. 

Form.  Phot.  Oxy.  Equiv. 

2P+OorP20         31.4  or  2  eq.     +    8  or  1  eq.       =  39.4 

Som0*  566.  This  acid  was  discovered  in  1816  by  Dulong.t  When  water 
•cid.  acts  upon  the  phosphuret  of  barium  the  elements  of  both  enter  into  a 
new  arrangement,  giving  rise  to  phosphuretted  hydrogen,  phosphor- 
ic acid,  hypophosphorous  acid,  and  baryta.  The  former  escapes  in 
the  form  of  gas,  and  the  two  latter  combine  with  the  baryta.  Hy- 
pophosphite  of  baryta  being  soluble,  may  consequently  be  separated 
by  filtration  from  the  phosphate  of  baryta,  which  is  insoluble.  On 
adding  a  sufficient  quantity  of  sulphuric  acid  for  precipitating  the 
baryta,  hypophosphorous  acid  is  obtained  in  a  free  state,  and  on 
evaporating  the  solution,  a  viscid  liquid  remains,  highly  acid  and 
even  crystallizable,  which  is  a  hydrate  of  hypophosphorous  acid.  » 


*  An.  de  Ch.  et  de  Ph.  1.83. 
v*rTi«*»  »rth-    Verrier  has  recently  proposed  the  following  method  of  obtaining  pure  oxide  of 
<**  °f  ^'"j1*  phosphorus,  which,  he  is  of  opinion,  has  not  been  previously  procured.    Take  a  glass 
jE^tanL.     gl°l>e,  capable  of  holding  about  two  pints,  the  neck  of  which  is  about  four  inches  long. 

and  one  inch  wide  ;  pour  into  this  a  little  chloride  of  phosphorus,  then  introduce,  of 
phosphorus,  previously  dried  on  paper,  and  cut  into  pieces  of  about  eight  grains  path, 
enough  to  form  a  stratum  of  four  filths  of  au  inch  thick,  at  the  bottom  of  the  globe  -, 
add  sufficient  chloride  of  phosphorus  to  cover  the  phosphorus,  and  expose  the  whole 
to  the  air;  eight  or  ten  globes  thus  prepared  are  required  to  obtain  thirty  grains  of 
oxide.  In  twenlyfour  hours,  a  thick  white  crust  of  phosphatic  acid  is  formed  at  the 
surface  of  the  solution,  whilst  below  the  stratum  of  phosphorus  a  yellow  substance  is 
seen  which  is  a  compound  of  phosphoric  acid  and  oxide  of  phosphorus,  called  by  Ver- 
rier phosphate  of  oxide  of  phosphorus. 

In  twentyfour  hours  after  the*  appearance  of  tiie  whitish  matter,  the  chloride  of 
^phosphorus  is  poured  off,  to  serve  for  another  operation  ;  the  pieces  of  phosphorus  are 
detached  and  gradually  allowed  to  fall  into  cola  water.   The  water  becomes  of  a  deep 

? fellow  colour  from  dissolving  the  phosphate  ;  by  decanting  and  filtering  a  limpid  yel- 
ow  liquid  is  obtained.  By  healing  this  solution,  the  phosphate  decomposes  at  about 
177°  F.  into  phosphoric  acid,  and  a  yellow  fiocculent  matter,  which  collects  at  the  hot- 
itora,  and  is  considered  as  hydrated  phosphoric  acid,  nearly  insoluble  in  water.  This 
js  washed  upon  a  filter  with  hot  water,  removed  from  it  while  moist,  to  a  porcelaio 
.capsule,  and  dried  in  vacuo  over  sulphuric  acid.  The  oxide  of  phosphorus  remains 
pure,  in  the  form  of  small  grains  of  a  red  colour,  hut  when  in  fine  powder,  of  canary 
yellow.    Its  composition  according  to  Verrier  is 

Oxy.  11.35  Phos.  88.65 

It  is  insoluble  in  water,  alcohol,  and  ether;  it  is  denser  than  water.  When  removed 
from  the  vacuum  it  has  neither  taste  nor  smell,  but  is  acidified  by  moist  air  or  oxygen 
yielding  a  slight  odour  of  phosphuretted  hydrogen.    It  is  not  luminous  in  the  dark. 

Out  of  contact  of  the  air  it  may  be  kept  at  a  temperature  of  about  570°  without 
decomposing,  but  becomes  of  a  bright  red  colour.  At  a  temperature  a  little  below  that 
of  boiling  mercury,  it  decomposes  rapidly,  phosphorus  distils,  and  white  phosphoric 
acid  remains.  Heated  in  the  air  it  is  unchanged,  and  burns  only  wheu  it  disengages 
phosphorus.  Chlorine  converts  it  into  chloride  of  phosphorus  and  phosphoric  acid. 
Nitric  acid  converts  it  into  phosphoric  acid. 

Mixed  with  chlorate  of  potassa  it  gives  a  fulminating  powder,  which  detonates  some- 
times during  the  mixture,  and  without  pressure;  it  always  explodes  under  slight 
pressure    The  hydrate  was  inferred  to  contain  20.5  per  cent,  of  water,  its  composition 
being  very  nearly  oxide  I  eq.  water  2.   Ann.  de  Chim.  ci  de  Phys.  July,  1837,  and 
i  and  Edin.  Phil.  Mag.  Oct.  1838.  t  An.  de  Ch.  ct  Ph.  ii. 
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Hypophosphorous  acid  is  a  powerful  deoxidizing  agent.    It  unites  ^>ct.  vt. 
with  alkaline  bases;  and  it  is  remarkable  that  all  its  salts  are  solu- 
ble in  water. 

Phosphorous  Acid. 

Form.  Composition. 

Phoa.  Oxy.  Equit. 

2P+30,  _P  or  P203       31.4  or  2  eq.    +  24  or  3  cq.     m  66.4 

667.  Phosphorous  acid  may  be  procured  by  subliming  phosphorus  Phospho- 
through  powdered  bichloride  of  mercury  contained  in  a  glass  tube  ;  [J"a\ned 
when  a  limpid  liquid  comes  over,  which  is  a  compound  of  chlorine 
and  phosphorus.*  This  substance  and  water  mutually  decompose 
each  other  :  the  hydrogen  of  water  unites  with  the  chlorine,  and 
forms  hydrochloric  acid;  while  the  oxygen  attaches  itself  to  the 
phosphorus,  and  thus  phosphorous  acid  is  produced.  The  solution  is 
then  evaporated  to  the  consistence  of  sirup  to  expel  the  hydrochloric 
acid ;  and  the  residue,  which  is  hydrate  of  phosphorous  acid,  be- 
comes a  crystalline  solid  on  cooling.  It  is  also  generated  during  the 
slow  oxidation  of  phosphorus  in  atmospheric  air.  The  product  at- 
tracts moisture  from  the  air,  and  forms  an  oil-like  liquid. 

56S.  It  dissolves  readily  in  water,  has  a  sour  taste,  and  smells  Properties, 
somewhat  like  garlic.  It  unites  with  alkalies,  and  forms  salts  which 
are  termed  phosphites.  The  solution  of  phosphorous  acid  absorbs 
oxygen  slowly  from  the  air,  and  is  converted  into  phosphoric  acid. 
From  its  tendency  to  unite  with  an  additional  quantity  of  oxygen,  it 
is  a  powerful  deoxidizing  agent  ;  and  hence,  like  sulphurous  acid, 
precipitates  mercury,  silver,  platinum,  and  gold  from  their  saline 
combinations  in  the  metallic  form.  Nitric  acid  converts  it  into  phos- 
phoric acid. 

Phosphoric  Acid. 

Form.  Composition. 

Phot.  Oxy.  Equiv. 

2P+SO,  P,  or  PO>T        31.4  or  2  cq.      +     40  or  6  cq.       =  71.4 

569.  In  1S27,  Clarke  of  Aberdeen,  showed  that  under  the  term  Phosphoric 
phosphoric  acid,  had  previously  been  confounded  two  distinct  acids, acid- 
one  of  which  he  proposed  to  distinguish  by  the  name  of  jryr phos- 
phoric acid  (from  nvo  fire,)  to  indicate  that  it  is  phosphoric  acid 
modified  by  heat ;  and  Graham  has  described  another  to  which  he 
has  given  the  provisional  name  of  raetaphosphoric  (from  fteia  togeth- 
er with),  implying  phosphoric  acid  and  something  besides.  These 
acids  contain  phosphorus  and  oxygen  in  the  same  ratio,  and 
have  the  same  equivalent,  so  that  they  may  be  considered  as  isomeric 
todies  (page  36) ;  but  that  difference  in  the  arrangement  of  their 
elements  on  which  their  peculiarities  may  be  presumed  to  depend, 
is  very  slight,  since  they  are  easily  convertible  into  each  other.! 


*  Davy's  Element*,  p.  238. 

♦  But  as  it  cannot  exist  unc 
ftU  an  equivalent  of  water, 

I  PtiU.  Trans.  1933,  part  ii.,  and  Phil.  Mag.  3d  Series,  it.  461. 


t  But  as  it  cannot  exist  uncorabined,  it  is  best  denoted  by  X3  PO5,  where  X  repre- 
sents an  equivalent  of  water,  or  any  base.   T.  203. 
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Chap,  ill.  570.  Phosphoric  acid  may  be  obtained  by  oxidizing  phosphorus 
by  strong  nitric  acid  ;  but  great  care  is  required  as  the  action  is  often 
very  violent,  attended  with  a  rapid  evolution  of  great  quantities  of 
binoxide  of  nitrogen. 

Place  a  few  fragments  of  phosphorus  in  a  deep  and  strong  Fig.  156 
glass  vessel,  of  the  form  represented  in  the  figure.  (Fig.  156  ) 
Pour  upon  it,  from  a  vessel  attached  to  the  end  of  a  long  stick, 
an  ounce  or  more  of  nitric  acid  recently  prepared  from  nitre 
and  sulphuric  acid,  if  the  acid  is  very  strong  and  warm,  vio- 
lent and  dangerous  explosion  often  occurs,  and  the  acid,  frag- 
ments of  phosphorus  and  of  glass  are  thrown  to  a  considerable 
distance.  A  platinum  vessel  is  preferable,  and  should  be 
firmly  secured  to  the  table. 

571.  Phosphoric  acid  may  be  prepared  at  a  much 
cheaper  rate  from  bones.  For  this  purpose,  super- 
phosphate of  lime,  obtained  in  the  way  already  de- 
scribed, (556)  should  be  boiled  for  a  few  minutes 
with  excess  of  carbonate  of  ammonia.  The  lime  is  thus  precipitated 
as  a  phosphate,  and  the  solution  contains  phosphate,  together  with  a 
little  sulphate  of  ammonia.  The  liquid,  after  filtration,  is  evapora- 
ted to  dryness,  and  then  ignited  in  a  platinum  crucible,  by  which 
means  the  ammonia  and  sulphuric  acid  are  expelled. 
Properties.  572.  Phosphoric  acid  is  colourless,  intensely  sour,  reddens  litmus, 
and  neutralizes  alkalies.  It  is  concentrated  by  evaporation  at  300° 
F.,  and  becomes  dark,  and  thick  as  treacle  when  cold.  It  consists 
of  71.4  parts  or  1  equiv.  phosphoric  acid  and  27  parts  or  3  equiv. 
water. 

Unites  573.  Phosphoric  acid  is  remarkable  for  its  tendency  to  unite  with 
'  alkaline  bases,  in  such  proportions  that  the  oxygen  of  the  base  and 
of  the  acid  is  as  3  to  5 ;  or,  in  other  words,  it  is  prone  to  form  sub- 
salts,  in  which  one  equivalent  of  acid  is  combined  with  three  equiv- 
alents of  base.  It  manifests  the  same  character  in  regard  to  water, 
and  ceases  to  be  phosphoric  acid  unless  three  equivalents  of  water 
to  one  of  acid  are  present ;  it  even  appears  that  the  water  acts  the 
part  of  a  base,  hence  called  basic  water,  and  that  the  aqueous  solu- 
tion is  not  a  mere  solution  of  phosphoric  acid,  but  of  triphosphate  of 
water,  a  sort  of  salt  composed  of  one  equivalent  of  acid  and  three 
equivalents  of  water.  Part  of  this  basic  water  enters  along  with 
soda  into  the  constitution  of  two  of  the  phosphates  of  soda,  the 
water  and  soda  together  forming  the  three  equivalents  of  base  re- 
quired by  one  equivalent  of  the  acid.  T.  202. 
Test.  574.  A  certain  test  between  phosphoric  and  arsenious  acids  is, 

that  the  former  is  neither  changed  in  colour  nor  precipitated 
when  a  stream  of  hydrosulphuric  acid  gas  is  transmitted  through  it ; 
while  the  latter,  with  the  required  precautions,  first  acquires  a  yel- 
low tint,  and  then  yields  a  yellow  precipitate. 

575.  Pyrophosphoric  Acid. — This  acid  is  formed  by  exposing  con- 
Phoric  acid  cenlrat(?d  phosphoric  acid  for  some  time  to  a  heat  of  415°.    Its  general 
'  characters  resemble  those  of  phosphoric  acid ;  it  is  remarkable  for 
its  tendency  to  unite  with  two  equivalents  of  a  base. 
Mctaphos-     576.  Metaphosphoric  Acid,  HO.PO5,   is  obtained  by  burning 
phosphorus  in  dry  air  or  oxygen  gas,  or  heating  to  redness  a  con- 
centrated solution  of  phosphoric  or  pyrophosphoric  acids. 
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577.  The  peculiarity  of  this  acid  is  to  combine  with  one  equiva-  Soci  vn. 
lent  of  a  base.    On  exposing  the  anhydrous  acid  to  the  air  it  rapidly  Peculiarity, 
deliquesces,  and  at  the  same  time  acquires  its  basic  water,  which 

can  only  be  replaced  by  an  equivalent  quantity  of  soda  or  some  other 
alkaline  base.  The  pure  hydrated  acid  is  of  itself  very  fusible,  and 
on  cooling  concretes  into  a  transparent  brittle  solid,  being  known  un- 
der the  name  of  glacial  phosphoric  acid,  which  is  highly  deliquescent,  Glacial 
and  can  hence  only  be  preserved  in  its  glassy  state  in  bottles  care-  acid- 
fully  closed.  This  acid  when  free,  occasions  precipitates  in  solu- 
tions of  the  salts  of  baryta,  and  most  of  the  earths  and  metallic  ox- 
ides, and  forms  an  insoluble  compound  with  albumen. 

Section  VII.  Boron. 
Syrnb.  B.  Equiv.  10.9  eq.  vol.    =  100 

578.  Boron  was  discovered  by  Davy,  by  the  action  of  Voltaic  Boron, 
electricity  upon  boracic  acid,  hence  its  name.    It  was  also  obtained 

by  Gay-Lussac  and  Thenard  in  1808,*  by  heating  boracic  acid  with 
potassium,  the  boracic  acid  being  deprived  of  its  oxygen  and  the  bo- 
ron set  free.  The  easiest  method,  according  to  Berzelius,  is  to  de- 
compose borofluoride  of  potassium  or  sodium  by  means  of  potas- 
sium.t 

579.  Boron  is  a  dark  olive-coloured  substance,  which  has  neither  Properties, 
taste  nor  smell,  and  is  a  non-conductor  of  electricity.    It  is  insoluble 

in  water,  alcohol,  ether  and  oils.  It  does  not  decompose  water.  It 
bears  intense  heat  in  close  vessels,  without  fusing  or  undergoing  any 
other  change  except  a  slight  increase  of  density.  Its  specific  gravity 
is  about  twice  as  great  as  that  of  water.  It  may  be  exposed  to  the 
atmosphere  at  common  temperatures  without  change ;  but  if  heated 
to  6003,  it  suddenly  takes  fire,  oxygen  gas  disappears,  and  boracic 
acid  is  generated.  It  also  passes  into  boracic  acid  when  heated  with 
nitric  acid,  or  with  any  substance  that  yields  oxygen  with  facility. 

550.  According  to  the  experiments  of  Davy  and  Berzelius,  boron  Union  with 
in  burning  unites  with  200  per  cent,  of  oxygen  ;  and  the  latter,  from  Oiy&n. 
the  composition  of  borax,  estimates  the  oxygen  in  boracic  acid  at 
68.9  per  cent. 

Boracic  Acid. 

Symb.  B+30,  B  or  BO*  Equiv.  34.9 

581.  This  is  the  only  known  compound  of  boron  and  oxy-  Boracic 
gen.    It  is  found  in  the  hot  springs  of  Lipari,  and  in  those  of  a«id. 
Sasso  in  the  Florentine  territory.    It  is  a  constituent  of  several  mi- 
nerals, as  the  datholite  and  boracite.    It  occurs  much  more  abun- 
dantly under  the  form  of  borax,  a  native  compound  of  boracic  acid 
and  soda. 

552.  It  is  prepared  for  chemical  purposes  by  adding  sulphuric  acid  Process, 
to  a  solution  of  purified  borax  in  about  four  times  its  weight  of  boil- 


•See  the  original  memoirs  in  the  Ann.  de  Chim.  et  de  Phy$.  xxri.  66.  113,  and 
"  -  »tract  in  ihs  Quart  Jour.  xvm.  149. 

t  Axn.  PhiltM.  xxri.  128. 
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chap,  iit.  ing  water,  till  the  liquid  acquires  a  distinct  acid  reaction.  The  sul- 
phuric acid  unites  with  the  soda  ;  and  the  boracic  acid  is  deposited, 
when  the  solution  cools,  in  a  confused  group  of  shining  scaly  crys- 
tals. It  is  then  thrown  on  a  filter,  washed  with  cold  water  to  sepa- 
rate the  adhering  sulphate  of  soda  and  sulphuric  acid,  and  still 
further  purified  by  solution  in  boiling  water  and  re-crystallization. 
It  is  apt  to  retain  a  little  sulphuric  acid  ;  and  on  this  account,  when 
required  to  be  absolutely  pure,  it  should  be  fused  in  a  platinum  cru- 
cible, dissolved  in  hot  water  and  crystallized. 

Properties.  683.  Boracic  acid  in  this  state  is  a  hydrate,  which  contains  43.62 
per  cent,  of  water,  being  a  ratio  of  34.9  parts  or  one  equivalent  of 
the  anhydrous  acid  to  27  parts  or  three  eq.  of  water.  This  hydrate 
dissolves  in  25.7  times  its  weight  of  water  at  60°,  and  in  3  times  at 
212°.  Boiling  alcohol  dissolves  it  freely,  and  the  solution,  when  set 
on  fire,  burns  with  a  beautiful  green  flame ;  a  test  which  affords  the 
surest  indication  of  the  presence  of  boracic  acid.  Its  specific  gravity 
is  1.479.  It  has  no  odour,  and  its  taste  is  rather  bitter  than  acid. 
It  reddens  litmus  paper  feebly,  and  effervesces  with  alkaline  carbo- 
nates. Its  acid  properties  are  weak,  and  the  borates,  when  in 
solution,  are  decomposed  by  the  stronger  acids. 

Effect  of       584.  When  exposed  to  a  gradually  increasing  heat  in  a  platinum 

heat,  crucible,  the  water  of  crystallization  is  expelled,  and  a  fused  mass 
remains,  which,  on  cooling,  forms  a  hard,  colourless,  transparent 
glass,  which  is  anhydrous  boracic  acid.  If  the  water  of  crystalliza- 
tion be  driven  off  by  the  sudden  application  of  a  strong  heat,  a  large 
quantity  of  boracic  acid  is  carried  away  during  the  rapid  escape  of 
watery  vapour.  Vitrified  boracic  acid  should  bo  preserved  in  well- 
stopped  vessels ;  for  if  exposed  to  the  air,  it  absorbs  water,  and  gra- 
dually loses  its  transparency.  Its  specific  gravity  is  1.803.  It  is 
exceedingly  fusible,  and  communicates  this  property  to  the  substances 
with  which  it  unites.    For  this  reason  borax  is  often  used  as  a  flux. 


Section  VIII.  Silicon. 

Symb.  Si.  Equiv.  22.6 
Discovery.  595.  It  was  shown  by  Davy  that  silica  is  a  compound  of  a  com- 
bustible body  and  oxygen,  to  which  the  name  silicium  was  given,  but 
which  is  now  termed  silicon.  Silicon  was  obtained  by  Berzelius  in 
How  ob-  1824,  by  the  action  of  potassium  on  fluosilicic  acid  gas  ;  it  may  be 
more  conveniently  prepared  from  the  double  fluoride  of  silicon  and 
potassium,  or  sodium,  heated  in'  a  glass  tube .  with  potassium, 
which  unites  to  the  fluorine  and  the  silicon  is  separated,  united 
with  a  little  hydrogen.  It  is  purified  by  a  red  heat  and  digestion  in 
dilute  hydrofluoric  acid.* 

586.  Silicon  has  a  dark  brown  colour,  but  no  metallic  lustre.  It 
is  a  non-conductor  of  electricity. 

Before  ignition  it  is  not  oxidized  or  dissolved  by  Sulphuric,  nitric, 
or  nitro-hydrochloric  acids,  but  is  soluble  in  hydrofluoric  acid,  and 
in  a  hot  concentrated  solution  of  caustic  potassa.  It  undergoes  par- 
tial combustion  in  air  and  oxygen  gas. 

•Ann.  Philns.  uri,  116. 


Properties. 
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on  its  surface  the  silica  is  removed,  by  hydro-  s«*.  vnt. 
fluoric  acid,  and  the  silicon  within  is  insoluble.  A  difference  attribu- 
ted by  Berzelius  to  a  difference  in  the  aggregation  of  the  particles.* 

5S7.  Silicon  is  not  changed  by  ignition  with  chlorate  of  potassa.  Oxidation 
Id  nitre  it  does  not  deflagrate  until  the  temperature  is  raised  so  high  ui- 
that  the  acid  is  decomposed.  It  burns  vividly  when  brought  into 
contact  with  carbonate  of  potassa  or  soda,  and  the  combustion  en- 
sues at  a  temperature  considerably  below  that  of  redness.  It  ex- 
plodes in  consequence  of  a  copious  evolution  of  hydrogen  gas,  when 
it  is  dropped  upon  the  fused  hydrate  of  potasso,  soda,  or  baryta. 

5SS.  Berzelius  ascertained,  by  oxidizing  a  known  weight  of  sili- 
con, that  100  parts  of  silicic  acid  are  composed  of  48.4  of  silicon  and 
51.6  of  oxygen.  Now  if  silicic  acid,  as  Thomson  supposes,  be  com- 
posed of  single  atoms  of  its  elements,  then  the  equivalent  of  silicon 
will  be  7.5;  but  if,  as  Berzelius  believes,  the  smallest  molecule  of 
that  acid  contain  three  atoms  of  oxygen  united  with  one  atom  of 
silicon,  the  equivalent  of  silicon  would  be  22.5.  The  latter  view  is 
supported  by  very  strong  analogies.  T. 

Silicic  Acid — Silica. 
Symb.  Equit. 

8i+30,  Si,  or  Si03  46,5 

569.  Silica  or  siliceous  earth  is  an  abundant  natural  product,  con-**1""*8"1 
stituting  a  principal  ingredient  of  extensive  mountain  masses,  of*" nolure' 
sand,  and  of  several  minerals  as  quartz,  calcedony,  opal,  6cc.    It  is 
an  important  part  of  fertile  soils,  rendering  them  porous  and  open  to 
the  transmission  of  water.    It  abounds  in  the  natural  hot  springs  of 
Iceland  and  of  the  Azores,?  and  is  probably  an  universal  ingre- - 
dient  in  thermal  waters.    It  exists  in  the  epidermis  of  most  monoco- 
tyledooous  plants.! 

590.  The  purest  form  of  silica  is  rock  crystal,  from  which  it  obtained 
may  be  procured  of  sufficient  purity  for  most  purposes,  by  ignition,  pare, 
quenching  in  cold  water  and  reduction  to  powder.^ 

591.  Silica  is  white  ;  its  sp.  gr.  is  2.69  ;  it  requires  a  very  high  Pjppenie*. 
temperature  for  fusion.  In  its  ordinary  state  it  is  insoluble  in  water  ; 

hot  if  presented  to  water  while  in  the  nascent  state  it  is  dissolved  in 
large  quantities.il 

592.  Silica  has  no  action  on  test  paper,  but  in  its  chemical  rela- Acid, 
tioos  it  exhibits  the  properties  of  an  acid,  and  displaces  carbonic  acid 

b?  tae  aid  of  heat  from  the  alkalies,  hence  it  has  been  called  silicic 


593.  On  gently  evaporating  its  solution  in  water,  a  bulky  gelatin-  Action  of 
oui  hydrate  separates,  which  is  partially  decomposed  by  a  very  hettt- 
moderate  temperature,  but  it  does  not  part  with  all  its  water  except 

at  a  red  heat. 

594.  On  igniting  one  part  of  silicic  acid  with  three  of  carbonate  Liquor 
cf  potassa,  a  vitreous  mass  is  formed,  which  is  deliquescent,  and  sdicum. 


•  Bercelius,  Traits  dt  Chem.  1,370.  t  See  Webster's  Azores. 

-  See  Daubeny's  Report  on  Watert,  in  Rep.  Brit.  A»*oc. 
i  For  minute  details  see  Henry's  Chem.  i.  643.  II  Berzelius. 
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Selenium. 


chap.  Hi-  may  be  dissolved  completely  in  water.  This  solution  was  formerly 
called  liquor  silicum ;  it  has  an  alkaline  reaction,  and  absorbs  car- 
bonic acid  on  exposure  to  the  atmosphere  by  which  it  is  partially  de- 
composed. 

Glass.  595.  With  one  part  of  alkali  and  three  of  silicic  acid  the  well 

known  compound  glass  is  formed.  Every  kind  of  ordinary  glass  is 
a  silicate,  and  its  varieties  are  owing  to  differences  in  the  proportion 
of  the  constituents,  to  the  nature  of  the  alkali,  or  to  the  presence  of 
foreign  matters.  Bottle  glass  is  obtained  from  common  sand,  which 
contains  iron,  and  the  most  common  kind  of  kelp  or  pearlashes. 

Varieties  Crown  glass  for  windows  is  made  of  a  purer  alkali  and  sand  which 
is  free  from  iron.  Plate  glass  for  looking-glasses,  is  composed  of 
sand  and  alkali  in  their  purest  state  ;  and  in  the  formation  of  Flint 
glass,  besides  these  pure  ingredients,  a  considerable  quantity  of 
litharge  or  red  lead  is  employed.*  A  small  portion  of  peroxide  of 
manganese  is  also  used,  in  order  to  oxidize  carbonaceous  matters 
contained  in  the  materials  ,*  and  nitre  with  the  same  intention. t 

Annealing.  596.  Glass  vessels  must  be  cooled  very  slowly,  or  annealed,  other- 
wise they  are  very  brittle.  When  properly  prepared,  glass  is  acted 
upon  by  few  chemical  agents.!  Hydrofluoric  acid,  however,  attacks 
the  silica. $  The  metallic  bases  of  the  alkalies  appear  to  decompose 
it;  and  Davy  found  that  oxide  of  lead  in  fine  glass,  is  acted  upon 
by  hydrochloric  acid  at  a  high  temperature,  chloride  of  lead  and 
water  being  formed. 


Section  IX.  Selenium. 

Symb.  Sp.  Gr.  Equiv. 

Se  4.3  39.6 

597.  Selenium  was  discovered  in  1S18  by  Berzelius  in  the  sul- 
phur obtained  by  sublimation  from  the  iron  pyrites  of  Fahlun  in 
Sweden.    It  exists  as  a  sulphuret  among  the  volcanic  products  of 
the  Lipari  islands;  and  in  other  places,  combined  with  metals. 
Sources  of     In  the  chambers  for  manufacturing  sulphuric  acid,  a  reddish  mass 
selenium,  

*  For  many  chemical  processes  glass  vessels  free  from  lead  should  be  employed. 
Those  made  of  German  potash  glass,  or  hard  while  glass  free  from  lead,  can  now  be 
obtained  of  any  required  form  or  size,  from  Richanf  Griffin  6c  Co.  Glasgow,  Scot- 
land, and  I  have  found  them  exceedingly  durable  and  well  adapted  to  all  required 
purposes.  W. 

t  The  art  of  colouring  glass  and  of  making  artificial  gems  is  of  an  old  date,  and 
effected  by  metallic  oxides.  The  metals  employed  as  colouring  materials  are  I.  Gold. 
The  purple  of  cassius  imparts  a  fine  ruby  tint.  2.  Silver,  oxide  or  phosphate  of  sil- 
ver gives  a  yellow  colour.  3.  Irou-oxides,  produce  green,  yellow,  and  brown.  4.  Cop- 
per-oxides, green  ;  with  a  small  proportion  of  tartar,  the  oxides  produce  a  red.  6.  An- 
timony, gives  a  rich  yellow.  6.  Manganese,  the  black  oxide  in  large  quantity  gives  a 
black,  in  smaller  quantities  various  shades  of  purple.  7.  Cobalt,  blue.  8.  Chrome 
greens  and  reds,  accordiug  to  the  degree  of  oxidation.  On  this  suhject  see  Nen 
Art  de  la  Verrerie,  Ann.  de  Chim.  et  Phys.  xiv.  57.   Aikin's  DicVy.  Art.  Glats 


Dumas  Trade  de  Oiim.  II.  631. 

White  enamel  is  merely  glass  rendered  more  or  less  opaque  hy  oxide  of  tin  ;  it 
forms  the  basis  of  the  coloured  enamels,  which  are  tinged  wtlh  the  metallic  oxides. 

t  Turner  found  that  steam  under  high  pressure  becomes  a  rapid  solvent  of  alkaline 
silicates.    Geol.  Trans.  Land.  ii.  95. 

S  For  a  method  of  exposing  siliceous  substances  to  bydrofluric  acid  see  LonU. 
Ed.  Philos.  Mag.  xiii-  473. 
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is  deposited,  which  is  principally  sulphur.    This  substance,  in  burn-  Sect,  ix. 
ing,  gave  out  an  odour,  which  induced  Berzelius  to  suspect  that  it 
contained  tellurium,  but  on  a  minute  examination  he  discovered,  in- 
stead of  that  metal,  a  body  with  entirely  new  properties,  to  which  he 
has  given  the  name  of  Selenium,  from  2eltyq  the  moon. 

•598.  For  the  extraction  of  selenium  from  the  native  sulphuret,  Extraction 
Magnus  proposes  to  mix  it  with  eight  times  its  weight  of  peroxide  of  of- 
manganese,  and  to  expose  the  mixture  to  a  low  red  heat  in  a  glass 
retort,  the  beak  of  which  dips  into  water.  The  sulphur,  oxidized  at 
the  expense  of  the  manganese,  escapes  in  the  form  of  sulphurous 
acid  ;  while  the  selenium  either  sublimes  as  such  or  in  the  state  of 
selenious  acid.  Should  any  of  the  latter  be  carried  over  into  the 
water,  it  would  there  be,  reduced  by  the  sulphurous  acid. 

599.  The  colour  of  Selenium  varies  a  good  deal.  When  rapidly  Properties, 
cooled,  its  surface  has  a  dark  brown  hue,  and  its  fracture  the  colour 

of  lead.  Its  powder  has  a  deep  red  colour,  but  it  sticks  together 
when  pounded,  and  then  assumes  a  gray  colour  and  a  smooth  sur- 
face. Its  specific  gravity  is  between  4.3  and  4.32.  It  softens  at  212° 
F.,  and  completely  fuses  at  a  few  degrees  higher.  While  cooling, 
it  has  a  considerable  degree  of  ductility,  and  may  be  kneaded  be- 
tween the  fingers,  and  drawn  out  into  fine  threads,  which  have  a 
strong  metallic  lustre,  and  are  red  by  transmitted  light.  When 
siowly  cooled  it  assumes  a  granulated  fracture,  and  is  extremely  like 
a  piece  of  cobalt.  It  boils  at  about  650°,  its  vapour  has  a  deep  yel- 
low colour,  and  condenses  either  into  opaque  metallic  drops,  or, 
when  a  retort  with  a  large  neck  is  used,  into  flowers  of  a  fine  cinna- 
bar colour. 

600.  When  heated  before  the  blow-pipe,  it  tinges  the  flame  of  aTingea 
line  azure  blue,  and  exhales  so  strong  a  smell  of  horse-radish,  that fl* 
a  fragment,  not  exceeding  ^  of  a  grain,  is  sufficient  to  fill  the  air  of 
a  large  apartment. 

601.  Berzelius  at  first  regarded  it  as  a  metal ;  but,  since  it  is  an 
imperfect  conductor  of  heat  and  electricity,  it  more  properly  belongs 


Equivalent, 


to  the  class  of  the  simple  non-metallic  bodies.  He  has  shown  that 
selenic  acid  is  composed  of  24  parts  of  oxygen  and  39.6  of  selenium. 
This  substance,  also,  has  three  grades  of  oxidation,  the  oxygen  in 
the  two  last  of  which  is  in  the  ratio  of  2  to  3 ;  and  the  highest  grade, 
selenic  acid,  has  in  all  its  chemical  relations  a  singularly  close  ana- 
logy to  sulphuric  acid.  From  these  facts  it  is  inferred  that  selenic 
acid  is  composed  of  one  atom  of  selenium  and  three  atoms  of  oxygen. 

• 

Oxide  of  Selenium. 

Composition. 
Form.  Selcn.  Oxy.  Equip. 

Se+O  39.6  or  I  eq.  +  8  or  I  eq.=47.6  Oxide  of 

602.  This  compound  is  formed  by  heating  selenium  in  a  limited 
quantity  of  atmospheric  air,  and  by  washing  the  product  to  separate 
selenious  acid,  which  is  generated  at  the  same  time.  It  is  a  colour- 
less gas,  very  sparingly  soluble  in  water,  and  is  the  cause  of  the  pe- 
culiar odour  which  is  emitted  during  the  oxidation  of  selenium. 
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Chap,  in.  Selenious  Acid. 

Form.  Sclen.  Qxy. 

Se+20  39.6  +16  or  2  eq.=55.6 

Selenious  603.  This  acid  is  prepared  by  digesting  selenium  in  nitric  or  nitro- 
■wd.        hydrochloric  acid  till  it  is  completely  dissolved.    On  evaporating  the 

solution  to  dryness,  a  white  residue  is  left,  which  is  selenious  acid. 

By  increase  of  temperature,  the  acid  itself  sublimes,  and  condenses 

again  unchanged  into  long  four-sided  needles.    It  attracts  moisture 
•  from  the  air,  and  dissolves  in  alcohol  and  water.    It  has  distinct  acid 

properties,  and  its  salts  are  called  selenites. 
Deoompo-      604.  Selenious  acid  is  readily  decomposed  by  all  substances  which 

have  a  strong  affinity  for  oxygen. 

Selenic  Acid. 
Sc-f-30  39.6  -f24  or  3  eq=63.6 

605.  This  acid  is  prepared  by  fusing  nitrate  of  potassa  or  soda 
with  selenium,  a  metallic  seleniuret,  or  with  selenious  acid  or  any 
of  its  salts.# 

Properties  Selenic  ac^  1S  a  colourless  liquid,  which  may  be  heated  to 

r  ~  636°  without  appreciable  decomposition ;  but  above  that  point  de- 
composition commences,  and  it  becomes  rapid  at  554°,  giving  rise  to 
disengagement  of  oxygen  and  selenious  acid.  When  concentrated 
by  a  temperature  of  329°  its  specific  gravity  is  2.624;  at  512°  it  is 
2.60,  and  at  545°  it  is  2.625,  but  a  little  selenious  acid  is  then 
present. 

Selenic  acid  has  a  powerful  affinity  for  water,  and  emits  as  much 
heat  in  uniting  with  it  as  sulphuric  acid  does.  Like  this  acid  it  is 
not  decomposed  by  hydrosulphuric  acid,  and  hence  this  gas  may 
be  employed  for  decomposing  seleniate  of  the  oxides  of  lead  or  cop- 
ActionupoD  per.  Selenic  acid  dissolves  zinc  and  iron  with  disengagement  of 
hydrogen  gas,  and  copper  with  formation  of  selenious  acid.  It  dis- 
solves gold  also,  but  not  platinum.  Sulphurous  acid  has  no  action 
on  selenic  acid,  whereas  selenious  acid  is  easily  reduced  by  it.  Con- 
sequently, when  it  is  wished  to  precipitate  selenium  from  selenic 
acid,  it  must  be  boiled  with  hydrochloric  acid  before  sulphurous  acid 
is  added. 

Selenic  and  sulphuric  acids  are  not  only  analogous  in  composi- 
tion and  in  many  of  their  properties,  but  the  similarity  runs  through 
their  compounds  with  alkaline  substances,  their  salts  resembling 
each  other  in  chemical  properties,  constitution,  and  form.  T. 


Section  X.  Chlorine. 

Sp.  Gr.  Chem.  Equiv. 

2.4700  Air    at  1  By  Vol.  100 

^  36.42    Hyd.  =  1  "  Wght.  35.42 

discorter.  607.  Chlorine  was  discovered  by  Scheele  in  1774  ;  it  was  called  by 
him  dephiogisticated  marine  acid.  The  term  oxy-muriatic  acid  was 
afterwards  applied  to  it  by  the  French  chemists.  From  its  colour 
the  name  by  which  it  is  now  known,  was  given  to  this  gas  by  Davy, 
from  the  Greek  xhaoog  green. 

*  For  a  description  of  the  process,  see  Turner's  EUmcntt  6th  ed.  p.  209. 
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60S.  Chlorine  gas  may  be  formed  by  either  of  the  following  pro-    Sect  x. 
cesses :  Method  of 

The  most  convenient  method  «f preparing  it  is  by  mixing  concentrated  hydro-  obtaining 
chloric  acid,  contained  in  a  glass  flask  or  tubulated  retort,  with  half  its  weight  of cnIonQe' 
finely  powdered  peroxide  ot  manganese.  Effervescence,  owing  to  the  escape  of 
chlorine,  takes  pface  even  in  the  cold  ;  but  the  gas  is  evolved  much  more  freely 
by  the  application  of  a  moderate  heat.  It  should  be  collected  in  inverted  glass 
bottles  filled  with  warm  water ;  and  when  the  water  is  wholly  displaced  by  the 
gas,  the  bottles  should  be  closed  with  a  well  ground  glass  stopper.  As  some  hy- 
drochloric acid  gas  commonly  passes  over  with  it,  the  chlorine  should  not  bo 
considered  quite  pure,  till  after  being  transmitted  through  water. 

609.  The  theory  of  this  process  will  be  readily  understood  by  first  Theory, 
viewing  the  elements  which  act  on  each  other,  namely  : — 

Mang.     .     27.7  or  1  eq.     Mn  Chlor.    .   70.84  or  2  cq.  2C1 

Oxy.       .     16       2  eg.     2Q  Hyd.     .    2      or  2  eg.  2H  

Perox.  of  mang.  43.7  or  1  eq.  Mn+20        Hydroch.  ac.  72M  or  2  cq.  2(H+Cl)j 

and  then  inspecting  the  products  derived  from  them,  namely, 

Chief  .       :      I   gig     !       oly.     16  »  1  bi- 

chloride of  mang.  63.12  Water  18 

In  symbols 

M04-2O,  and  2(H-f  CI),  yield  Mn-f-Cl,  2(H+0),  and  CI. 

The  affinities  which  determine  these  changes  are  the  mutual  attrac- 
tion of  oxygen  and  hydrogen,  and  of  chlorine  and  manganese. 

610.  When  it  is  an  object  to  prepare  chlorine  at  the  cheapest  rate,  Cheaper 

as  for  the  purposes  of  manufacture,  the  preceding  process  is  modified  P"****- 

in  the  following  manner  : — 

Three  parts  of  sea-salt  are  intimatelv  mixed  with  one  of  peroxide  of  manganese, 
and  to  this  mixture  two  parts  of  sulphuric  acid,  diluted  wilh  an  egual  weight  of 
water,  are  added.  By  the  action  of  sulphuric  acid  on  sea-salt,  hydrochloric  acid 
is  disengaged,  which  reacts  as  in  the  former  case  upon  the  peroxide  of  manga- 
nese ;  to  that,  instead  of  adding  hydrochloric  acid  directly  to  the  manganese,  the 
materials  for  forming  it  are  employed.  In  this  process, 'however,  the  sulphates 
of  soda  and  protoxide  of  manganese  are  generated,  instead  of  chloride  of  manga- 
nese. 

Thus  the  materials  which  act  on  each  other  are  MnO9,  NaCl  and 
2SOs ;  and  the  products  MnO,  SO3,  NaO,  SO"  and  CI. 

611.  The  gas  should  be  received,  when  it  is  intended  to  be  kept,  Method  of 
in  bottles  filled  with,  and  inverted  in,  water  of  Fig.  157.  collecting, 
the  temperature  of  80°  ot  90°  F.,  and  provided 
with  accurately  ground  stoppers.  It  will  be  found 
also  much  to  diminish  the  loss  of  gas  by  absorp- 
tion, if  it  be  made  to  issue  from  a  gas  bottle,  the 
tube  of  which  is  sufficiently  long  to  reach  nearly 
to  the  bottom  of  the  inverted  receiving  bottle,  as 
in  Fig.  157.    The  stopper  must  be  introduced 
under  water,  while  the  bottle  remains  quite  full  of  the  gas  and  in- 
verted, and  no  water  must  be  left  in  the  bottle,  along  with  the  gas. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbs 
twice  its  volume  of  chlorine,  and  yields  it  again  when  heated. 

612.  Chlorine  is  an  elastic,  gaseous  fluid,  it  has  a  pungent  disa- 
greeable odour,  and  is  highly  injurious  when  respired  even  largely  Prope"^8- 
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Ch<p  hi.  diluted  with  atmospheric  air.*    When  the  hand  is  immersed  in  tbe 
gas  a  distinct  sensation  of  heat  is  perceived.    Its  colour  is  greenish 
yellow.  • 
Weight.        According  to  Davy  100  cubic  inches  of  dry  chlorine,  at  30  Bar. 

and  60°  F.  weigh  between  76  and  77  grains.  GayLussac  and 
Thenard  found  the  density  of  pure  and  dry  chlorine  to  be  2.47, 
which  gives  76.5988  grains  as  the  weight  of  100  cubic  inches  at  60' 
F.  and  30  Bar. 

Destroy*  Chlorine  gas,  in  its  ordinary  state,  destroys  all  vegetable 

vegetable  colours.  This  may  be  shown  by  passing  into  the  gas  confined  by 
colours.  water,  a  piece  of  paper  stained  with  litmus,  the  colour  of  which  will 
immediately  disappear.  Hence  the  application  of  this  gas  to  the 
purpose  of  bleaching,  its  power  of  effecting  which  may  be  shown  by 
confining,  in  the  gas,  a  pattern  of  unbleached  calico,  which  has  been 
previously  boiled  in  a  weak  solution  of  caustic  polassa,  and  then 
washed  in  water,  but  not  dried.  Chlorine  gas,  however,  which  hai 
been  cnrefully  dried  by  solid  chloride  of  calcium,  and  into  which 
perfectly  dry  litmus  paper  is  introduced,  produces  no  change  of  col- 
our in  the  litmus,  a  sufficient  proof  that  its  bleaching  power  depends 
on  the  presence  and  decomposition  of  water. 

Bleaching  614.  The  bleaching  property  may  be  shown  by  water  impregna* 
prop? rty^  il-  ted  with  the  gas. 

E  For  this  purpose  fill  a  small  bottle  with  cold  water,  and  invert  it  on  the  ibclf 

P*  of  tho  pneumatic  trough,  pass  up  chlorine  until  about  one  half  the  water  m  dis- 

placed from  the  bottlo  ;  close  its  mouth  with  the  thumb  under  water — agitate  the 
wuter  and  gas  together — invert  the  bottle  in  a  basin  of  cold  water  and  remote  the 
thumb.    Water  will  rush  in  to  supply  tho  place  of  that  absorbed  .  more 
may  be  then  passed  up  and  the  process  repeated  three  or  four  Urncs.    Strip*  of 
calico  immersed  in  this  solution  will  soon  be  bleached. 

615.  Dry  chlorine,  is  not  condensable  by  a  cold  of — 40°  F. ;  but 
either  the  moist  gas,  or  a  solution  of  chlorine  in  water,  crystallizes  at 
32°.  The  crystals  may  be  obtained  by  introducing  into  a  clean 
bottle  of  the  gas,  a  little  water,  and  exposing  the  bottle  for  a  few 
days  to  a  temperature  at  or  below  freezing,  in  a  dark  place.  A  sol- 
Hydrate  of  id  compound  of  chlorine  and  water  is  formed,  which,  in  a  day  or 
ch.onne.  two,  sublimes  and  shoots  into  delicate  prismatic  needles,  extending 
from  half  an  inch  to  two  inches  into  the  atmosphere  of  the  bottle. 

These  crystals  are  composed,  according  to  Faraday,  of  35.42  or  1 
atom  of  chlorine  -f-  90  or  10  atoms  water. 
Effect  of  Light  does  not  act  on  dry  chlorine  ;  but  if  water  be  prcscDt, 

light.  the  chlorine  decomposes  that  liquid,  unites  with  the  hydrogen  to 
form  hydrochloric  acid,  and  oxygen  gas  is  set  at  liberty.  This 
change  takes  place  quickly  in  sunshine,  more  slowly  in  diffused 
daylight,  and  not  at  all  when  light  is  wholly  excluded.  Hence  the 
necessity  of  keeping  moist  chlorine  gas,  or  its  solution,  in  a  dark 
place. 

Chlorine  unites  with  some  substances  with  evolution  of  heat  and 
light,  and  is  hence  termed  a  supporter  of  combustion.  If  a  lighted 
taper  be  plunged  into  chlorine  gas,  it  burns  for  a  short  lime  with  a 

*  Id  case  chlorine  should  escape  into  the  apartment  and  be  inhaled,  relief  will  bt 
found  by  opening  a  bottle  of  aq  ammonia  and  breathing  over  it.  Breathing  the 
of  spirit  f,  of  wine  or  swallowing  lumps  of  sugar  steeped  in  alcohol,  u  said  to  t*  «« 
fceiual. 


Supporter 
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small  red  flame,  and  emits  a  large  quantity  of  smoke.  Phosphorus 

takes  fire  in  it  spontaneously,  and  burns  with  a  pale  white  light. 

Several  of  the  metals,  such  as  tin,  copper,  arsenic,  antimony,  and 

zinc,  when  introduced  into  chlorine  in  the  state  of  powder  or  in  fine 

leaves,  are  suddenly  inflamed.*    In  all  these  cases  the  combustible 

substances  unite  with  chlorine. 

Fill  a  narrow  jar  18  or  20  inches  in  length  with  chlorine,  and  sprinkle  into  it 
powdered  antimony;  a  beautiful  shower  of  the  ignited  metal  will  be  perceived 
until  the  jar  becomes  filled  with  dense  white  fumes,  which  should  as  far  as  pos- 
sible be  prevented  from  escaping  into  the  room. 

FIf.  158. 

Put  some  mercury  into  a  copper  cup,  attached  to  a  thin  plate  of  cop- 


S*ct.  X. 


screw- 


pMf^Pfg^lik!,)  and  rubbed  over  with  a  little  gas*  lute  to  prevent  the  met- 
als  from  combining,  and  place  it  in  a  bottle  offlie  gas,  after  heating  it 
in  the  flame  of  a  spirit  lamp.  It  will  take  fire  and  combine  with  the 
chlorine. 

The    most  elegant   way   of  making  these  experiments  consists  in 
introducing  the  phosphorus  or  metallic  leaves  into  a  retort  furnished 
with  a  stop-cock,  and  exhausted  upon  the  air-pump  ;  (Fig.  159.)  it  is  then 
ed  into  the  cap  of  an  air  jar  of  chlorine  also  furnished  with  a  stop-cock,  and 
standing  over  water  in  the  pneumatic  trough.    Upon  opening  the     Kit.  159. 
cocks  the  gas  rushes  from  the  jar  into  the  retort,  and  the  phospho- 
rus or  leaves  immediately  burn.    A  small  quantity  only  or  the 
metals  should  be  used,  as  the  heat  is  sudden  and  often  sufticient 
to  crack  the  retort. 

As  retorts  are  very  liable  to  break  while  exhausting,  it  is  ad- 
visable to  cover  them  with  a  cloth  during  the  process.    B.  139. 

617.  Chlorine  has  a  very  powerful  attraction  for  hy- 
drogen ;  and  many  of  the  chemical  phenomena,  to 
which  chlorine  gives  rise,  are  owing  to  this  property. 
A  striking  example  is  its  power  of  decomposing  water 
by  the  action  of  light,  or  at  a  red  heat ;  and  most  com- 
pound substances,  of  which  hydrogen  is  an  element,  are 
deprived  by  it  of  that  principle.  For  the  same  reason, 
when  chlorine,  water,  and  some  other  body  which  has 
a  strong  affinity  for  oxygen,  are  presented  to  one 
another,  water  is  usually  resolved  into  its  elements,  its 
hydrogen  attaching  itself  to  the  chlorine,  and  its  oxy- 
gen to  the  other  body.  Hence  it  happens  that  chlorine 
is,  indirectly,  one  of  the  most  powerful  oxidizing  agents 
which  we  possess. 

618.  It  is  not  altered  by  exposure  to  very  high  tem- 
peratures. By  means  of  the  apparatus,  (Fig.  160,)  Davy 
exposed  it  to  the  continued  action  of  charcoal  intensely 
ignited  by  voltaic  electricity,  without  the  smallest  change 
in  its  properties. 

A  glass  globe  a,  of  about  four  inches  diameter,  has  at  its  upper 
part  a  sliding  wire  passing  air-tight  through  a  ground  collar  6, 
to  the  lower  end  ot  which  is  attached  a  piece  of  well  burned 
charcoal  c  :  at  the  bottom  is  a  stop-cock  supporting  a  pair  of  brass 
pincers,  in  which  is  another  pointed  piece  of  charcoal  e;  the  globe 
w  exhausted  upon  the  air-pump,  filled  with  chlorine,  and  the  stop- 
cock d  and  sliding  wire  e  attached  to  the  extremities  of  the  Voltaic 
apparatus ;  the  charcoal  points  are  then  brought  into  contact  by 
pushing  down  the  upper  wire,  and  they  are  thus  retained  as  long 
in  intense  ignition.  B. 


Combus- 
tion of 
metals, 
Exp.  1. 

Of  mercury. 
Exp.  2. 


Exp. 


Union  with 
hydrogen. 


Fi*.  1(30. 


Unaltered 
in  high 
tempera- 


*  This  is  seen  to  most  advantage  when  a  very  tall  narrow  jar  is  employed. 
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Chap,  in.      619.  When  chlorine  is  suddenly  and  considerably  condensed  by 
Effect  of    mechanical  pressure,  not  only  heat  is  evolved,  as  from  all  other  gas- 
pressure.    es,  hut  it  emits  a  weak  violet  coloured  light  also. 
Lkwefac-       Under  the  pressure  of  about  four  atmospheres  Faraday  discover- 
rl°"0^ c^°"  ed  that  chlorine  is  a  limpid  liquid  of  a  bright  yellow  colour,  which 
does  not  freeze  at  the  temperature  of  zero,  and  which  assumes  the 
gaseous  form  with  the  appearance  of  ebullition  when  the  pressure  is 
removed. 

U«ed  in  620.  Chlorine  is  useful  for  the  purposes  of  fumigation,  in  destroy- 
umigauon.  vo|atjjc  principles  given  off  by  putrefying  animal  matter 

and  contagious  effluvia.  A  peculiar  compound  of  chlorine ^ruL  s.- 
da,  the  nature  of  which  will  be  considered  in  the  section  on  >  mqiu1*> 
has  been  lately  introduced  for  this  purpose  by  Labarraque. 

621.  Chlorine  is  in  general  easily  recognised  by  its  colour  and 
odour.  Chemically  it  may  be  detected  by  its  bleaching  property, 
added  to  the  circumstance  that  a  solution  of  nitrate  of  oxide  of  silver 
occasions  in  it  a  dense  white  precipitate  (a  compound  of  chlorine  and 
metallic  silver,)  which  becomes  dark  on  exposure  to  light. 

Exp.  Into  a  weak  solution  of  common  lunar  caustic,  drop  a  small  quantity  of  the 

water  impregnated  with  chlorine. 

Those  compounds  of  chlorine,  which  are  not  acid,  are  termed 
cJdoridcs  or  chlorurets. 

Hydrogen  and  Chlorine — Hydrochloric  Acid. 

Composition. 

Form.  Sp.  Gr.  Chlor.  Hyd.  Biuir. 

H+Ol         l.2t>«   Air    =  I  By  Vol.  200 

13.21      Hyd.  =  1       3j.42     +         I      sb         Wgt.  36.42 

Muriatic       622.  When  equal  volumes  of  hydrogen  and  chlorine  gases  are 
add  gas.    mixed  and  exposed  to  light,  they  combine  and  produce  a  sour  coin- 
pound  commonly  called  muriatic  acid  gas  ;  or  in  conformity  to  more 
modern  nomenclature  hydrochloric  acid  gas. 

623.  Chlorine  and  hydrogen  gases  act  with  considerable  energy 
upon  each  other,  and  with  different  phenomena  accordingly  as  the 
experiment  is  conducted. 

Explosion  If  a  phial  lw  entirely  filled  with  a  mixture  of  hydrogen  and  chlorine  gase*  in 

of  chlorine  equal  proportions,  and  a  well  ground  stopper  he  introduced,*  no  action 

and  hydro-  p|ace>  provided  light  be  carefully  and  completely  excluded,  even  by  sta 

6*n-  some  tunc  ;  but  on  applying  a  lighted  taper,  tho  gases  immediately  explode. 

Into  a  small  but  strong  vessel,  guarded  from  the  light,  introduce 
equal  volumes  of  the  two  gases,  and  inflame  the  mixture  by  the 
electric  spark,  hydrochloric  acid  gas  results.  The  apparatus  shown 
at  Fig.  133,  may  be  used  for  the  purpose. 

The  vessel  should  be  previously  exhausted  by  the  air  pump,"  and  then  filled 
Eip.  with  the  mixed  gases     An  electric  spark  may  now  be  passed  through  the  mix- 

tore,  when  a  detonation  will  ensue,  to  avoid  any  injury  from  which,  the  vessel 
should  be  wrapped  in  several  fold*  of  cloth.  It  the  cock,  attached  to  the  ves- 
sel, be  opened  under  mercury  in  about  n  quarter  of  an  hour,  very  little  of  tost 
fluid  will  enter,  proving  that  the  volume  of  gas  after  the  experiment  is  scarcely 
diminished  ;  that  it  is  diminished  at  all,  is  owing  to  a  small  portion  of  air  being 


*  The  foot  a  being  unscrewed,  and  the  end  of  the  stop  cock  connected  with  Um 
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mingled  with  the  other  gnses :  and  it  was  found  by  Davy  that  the  more  perfectly    gect-  X. 

thru  is  excluded,  the  less  is  the  amount  of  the  contraction  of  volume.    If  the  — 

cock  be  now  opened  under  water,  and  left  there  for  a  few  minutes,  the  water 
will  be  found  to  have  ascended  and  entirely  filled  the  vessel. 

624.  If  a  phial  containing  the  mixed  gases  be  exposed  to  the  Effect  of 
sun's  rays  a  detonation  will  ensue,  which  will  probably  drive  out  the  ll8nl 
stopper.    But  rf  this  should  not  happen  the  stopper  may  be  removed 

under  water,  which  will  ascend  and  completely  fill  the  phial  as  in 
the  former  experiment. 

The  agency  of  light  may  be  beautifully  shewn  by  filling  a  tube  about  half  an  Exp. 
inch  diameter,  and  12  inches  long,  with  the  mixed  gases,  and  alternately  shading 
it  with  an  opaque  cover,  and  exposing  it  to  the  sun's  rays.  The  moment  the 
tube  is  exposed  even  to  the  diffused  light  of  day,  a  cloudiness  will  appear  within 
ii,  and  the  water  will  ascend  more  or  less  rapidly  according  to  the  intensity  of 
the  light.  The  effect  even  of  a  passing  cloud  is  distinctly  seen  in  retarding  the 
npidity  of  tho  combination,  which  is  very  striking  in  the  full  solar  light.* 

625.  The  intense  light  issuing  from  charcoal  points  connected 
with  a  powerful  galvanic  battery  is  as  effectual  as  solar  light  in  act- 
ing on  hydrogen  and  chjorine  gases  ;  showing  a  curious  analogy 
between  electric  and  solar  light ;  for  ordinary  artificial  light  does  not 
accelerate  the  combination. t 

6'26.  Hydrochloric  acid  gas  differs  essentially  from  either  of  its  Hydro- 
components,  and  especially  in  being  instantly  absorbed  by  water.  To  chloric  acid 
preserve  it,  therefore,  in  a  gaseous  state,  it  is  necessary  to  confine  it jfM' 
by  quicksilver. 

627.  It  was  generated  by  Faraday  in  close  tubes,  from  hydrochlo-  rjqujd. 
rate  of  ammonia  and  sulphuric  acid,  in  a  liquid  state,  and  its  refrac- 
tive power  was  found  inferior  to  that  of  water.    The  pressure  of  its 
rapour  at  50°  F.  was  equal  to  about  40  atmospheres. 

62S.  To  obtain  hydrochloric  acid  gas  in  sufficient  quantity  for  the  process  for 

exhibition  of  its  properties,  the  direct  combination  of  chlorine  and  obtaining. 

hydrogen  gases  is  not  an  eligible  process.    It  may  be  procured  much 

more  conveniently  by  the  action  of  sulphuric  acid  on  sea-salt 

Let  the  tubulated  gas  bottle,  (Fig.  87,  a,)  be  about  one  fourth  or  one  third, 
filled  with  well  dried  sea-salt,  in  lumps,  not  in  powder.  To  this  adapt  the  acid 
bolder,  6,  filled  with  concentrated  sulphuric  acid ;  and  let  the  aperture  of 
the  bent  pipe  e,  terminate  under  a  iar  filled  with,  and  inverted  in  quicksilver. 
Open  the  communication  between  the  acid  and  the  salt,  by  turning  the  cock,  d  . 
•nd  immediately  on  the  contact  of  these  two  bodies,  nn  immense  quantity  of  hy- 
drocblotic  arid  gas  will  be  disengaged.  A  common  or  tubulated  gas-botUe,  "or 
tubulated  retort  will  answer  sufficiently  well  for  procuring  the  gas.  The  first 
portions  that  come  over,  may  be  allowed  to  escape  under  a  chimney  *,  because 
t**y  are  contaminated  by  the  admixture  of  common  air  present  in  the  bottle. 
The  subsequent  portions  may  be  preserved  for  use. 

>.  This  gas  was  first  obtained  pure  by  Priestley,  but  its  compo-  xneorT 
was  discovered  by  Scheele,  and  has  since  been  most  ably  in- 
vestigated by  Davy.    Sea-salt  was  formerly  supposed  to  be  a  com- 
pound of  hydrochloric  acid  and  soda  ;  and,  on  this  supposition,  the 


*  It  hid  been  supposed  that  the  direct  beams  of  the  sun  wore  necessary  to  explode  cmUm. 
*  mixture  of  chlorine  and  hydrogen  traces  .  but  Silliman  has  related  the  accidental  ex- 
ptaiuu  of  a  mixture  of  the  gase>,  in  the  quantity  that  filled  a  Florence  oil  flask,  not 
««>ly  x  hen  no  direct  solar  light  fell  upon  it,  but  when  the  diffuse  light  of  day  was  ren- 
■■M  more  feeble  than  common  by  a  thick  snow-storm  *  This  fact  furnishes  a  cau- 
tion against  mixing  the  two  gases  in  considerable  quantities. 

t  Braode,  Phil.  Trant.  1620. 

•  Sm  .***r.  Jour  <f  fet  Ml  349 
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Chlorine  and  Hydrogen. 


Properties. 


Extin- 
guishes 
name. 


Absorbed 
by  water. 


Exp. 


Analysis. 


soda  was  believed  merely  to  quit  the  hydrochloric  and  unite  with 
sulphuric  acid.  But  the  researches  of  Gay-Lussac,  Thenord,  and 
Davy  proved  that  it  consists  of  chlorine  and  sodium  combined  in  the 
ratio  of  their  equivalents.  The  nature  of  its  action  with  sulphuric 
acid  will  be  understood  by  comparing  the  elements  concerned  in  the 
change  before  and  after  it  has  occurred  : — 

Sulp.  of  Soda.  Hydrochloric  Acid. 

Acid  40.1     Chlor.  35.42 


Chloride  of  Sodium. 
Chlor.  35.45 


Sodium  23.3 


Hydroiw  Sulp.  Acid. 
Real  acid  40.1 

Or  in  symbols, 

(S+30)+(H+0)f  and  Na+Cl,  yield  (Na+0)+ (84-30),  and  H+Cl. 
Thus  it  appears  that  single  equivalents  of  water,  sulphuric  acid, 
and  chloride  of  sodium,  yield  sulphate  of  soda  and  hydrochloric  acid. 
The  water  of  the  sulphuric  acid  is  essential;  so  much  so,  indeed, 
that  chloride  of  sodium  is  not  decomposed  at  all  by  anhydrous  sul- 
phuric acid. 

630.  It  has  a  very  pungent  smell ;  and  is  sufficiently  caustic  to 
blister  the  skin,  when  applied  to  it  for  some  time.  When  brought 
into  contact  with  common  air,  it  occasions  a  white  cloud,  owing  to 
its  union  with  the  aqueous  vapour,  which  is  always  present  in  the 
atmosphere.    It  is  heavier  than  common  air. 

631.  It  extinguishes  a  lighted  candle.  Before  the  flame  goes  out, 
the  upper  part  of  it  assumes  a  greenish  hue.  A  white  vapour  also 
surrounds  the  extinguished  wick,  owing  to  the  combination  of  water, 
produced  by  the  combustion  of  the  candle,  with  the  acid  gas. 

632.  Hydrochloric  acid  gas  is  greedily  absorbed  by  water,  which 
at  40°  F.  Davy  found  to  take  up  about  480  times  its  bulk,  forming  a 
solution  of  specific  gravity  1.2109.* 

Fill  a  narrow  jar,  or  tube  closed  at  one  end,  with  the  acid  gas,  over  mercury, 
and  through  the  latter  pass  up  a  few  drops  of  water;  the  gas  will  be  rapidly  ab- 
sorbed, and  the  mercury  will  rise  in  the  vessel. 

The  acid  property  of  the  solution  may  be  shown  as  follows : — 

Tako  a  long  tube  filled  with  the  gas  at  the  mercurial  trough,  close  it  with  the 
thumb  or  finger,  transfer  it  to  a  basin  of  water  coloured  blue  by  an  infusion  of 
cabbage,  and  remove  the  finger  under  the  surface  of  the  water ;  the  gas  is  imme- 
diately condensed,  the  coloured  water  is  forced  up  die  tube  by  atmospheric  pres- 
sure, and  reddened  at  the  same  lime  by  the  acid  gas. 

Into  a  similar  vessel  filled  with  the  gas  introduce  a  piece  of  ice  :  it. will  be  li- 
quefied, almost  as  rapidly  as  if  touched  with  a  red-hot  iron,  and  the  gas  will  be 
absorbed. 

The  quantity  of  real  acid  contained  in  solutions  of  different  densi- 
ties may  be  determined  by  ascertaining  the  quantity  of  pure  marble 
dissolved  by  a  given  weight  of  each.  Every  50.6  grains  of  marble 
correspond  to  36.42  of  real  acid. 

633.  When  a  mixture  of  oxygen  and  hydrochloric  acid  gases  is 
either  electrified  or  transmitted  through  a  red-hot  porcelain  tube,  the 
oxygen  unites  with  the  hydrogen  of  the  acid,  and  the  chlorine  of 
the  latter  is  set  at  liberty.  A  similar  mixture  Henry  found  to  be 
also  decomposed  by  being  exposed,  at  a  temperature  of  250°  F.  to 


*  Elements,  p.  252.  For  table  of  specific  gravity  of  acid  of  different  strengths,  see 
Appendix. 
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contact  with  the  platinum  sponge.  Water  is  formed  and  the  disen-  Sea,  x. 
gaged  chlorine  acts  on  the  mercury  used  to  confine  the  gas.* 

634.  It  is  in  the  stato  of  watery  combination  that  hydrochloric  acid  Liquid  hy- 
is  kept  for  chemical  purposes,  and  all  the  processes  for  preparing  the  drochlonc 
liquid  acid  have  for  their  object  the  disengagement  of  the  acid  gas,  JJjJj^ 
and  its  absorption  by  water. 

For  saturating  water  with  this  gas  we  commonly  employ  Woulfe's 
apparatus.t 

The  retort  being  furnished  with  the  bent  tube,  a,  Fig.  161,  and  placed  in  a  sand 
bath,  the  junctures  should  be  carefully  luted,  and  the  acid  should  do  added  to  the 
•alt  in  the  retort  at  intervals.  The  water  employed  may  amount  to  half  the 
weight  of  the  salt,  and  may  be  equally  distributed  between  tlio  bottles.    These  it 


*  Pkil.  Tram.  1824. 

t  In  several  instances,  the  substance  raised  by  distillation  is  partly  a  condensable  li-  Woalhll 
quid,  and  partly  a  gas,  which  is  not  condensed,  till  it  is  brought  into  contact  with  water,  raw*. 
To  effect  this  double  purpose,  a  series  of  receivers,  termed  WW/rt  apparatus,  is 
employed.   The  first  recewer  (o,  Fig.  161)  has  a  right-angled  glass  tube,  open  at  both 


ends,  fixed  into  its  tubulure  ;  and  the  other  extremity  of  the  tube  is  made  to  terminate 
beneath  the  surface  of  distilled  water,  contained,  as  high  as  the  horizontal  dotted  line, 
in  tbe  three-necked  bottle  c.  From  another  neck  of  this  bottle,  a  second  pipe  proceeds, 
which  ends,  like  the  first,  under  water,  contained  in  a  second  bottle  d.  To  the  central 
neck,  a  straight  lube  open  at  both  ends,  is  fixed,  so  that  its  lower  end  may  be  a  little 
beneath  tbe  surface  of  the  liquid.  Of  these  bottles  any  number  may  be  employed  that 
is  thought  necessary. 

The  materials  being  introduced  into  the  retort,  the  arrangement  completed,  and  the 
joints  secured,  the  distillation  is  begun.  The  condensable  vapour  collects  in  a  liquid 
form  in  the  balloon  6,  while  the  evolved  gas  passes  through  the  bent  pipe,  beneath  the 
sarface  of  the  water  in  c,  which  continues  to  absorb  it  till  saturated.  When  the  water 
of  the  first  bottle  can  absorb  no  more,  the  gas  passes,  uncondensed,  through  the  second 
right-angled  tube,  into  the  water  of  the  second  bottle,  which,  in  its  turn,  becomes  satu- 
rated. Any  gas  that  maybe  produced,  which  is  not  absorbable  by  water,  escapes 
through  the  bent  tube  e,  and  may  be  collected,  if  necessary. 

Supposing  the  bottles  to  be  destitute  of  the  middle  necks,  and,  consequently,  without 
Jhe  perpendicular  tubes,  the  process  would  be  liable  to  be  interrupted  i>y  an  accident  : 
for  if,  in  conseqnence  of  a  diminished  temperature,  an  absorption  or  condensation  of 
gas  should  take  place  in  the  retort,  and,  of  course,  in  the  balloon  b,  it  must  necessarily 
ensue  that  the  water  of  the  bottles  c  and  d  would  be  forced,  by  the  pressure  nf  the  at- 
mosphere into  the  balloon,  and  possibly  into  the  retort ;  but  with  tne  addition  of  the 
central  tubes,  a  sufficient  quantity  of  air  rushes  through  them  to  supply  any  accidental 
vacuum.  This  inconvenience,  however,  is  still  more  conveniently  obviated  by  Wel- 
ther's  tube  of  safety,  c,  which  supersedes  the  expediency  of  three-necked  bottles.  The 
apparatus  being  adjusted,  as  shown  by  the  figure,  a  small  quantity  of  wntcr  is  poured 
into  the  funnel,  so  as  to  about  half  fill  the  ball  (/.  When  any  nbsorption  happens,  the 
fluid  rises  in  the  ball,  till  none  remains  in  the  tube,  when  a  quantity  of  air  immediately 
rushes  in.  On  the  other  hand,  no  gas  can  escape,  because  any  pressure  from  within  is 
instantly  followed  by  the  formatiou  of  a  high  column  of  liquid  in  the  perpendicular 
part,  which  resists  the  egress  of  gas. — A  convenient  apparatus  for  this  and  similar 
purposes  is  described  in  Brewster's  Edin.  Jour.  viu.  p.  3. 
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Chap,  m.  w  better  to  surround  with  cold  water,  or,  still  preferably,  with  ice  or  snow ;  be- 
cause  the  condensation  of  the  gas  evolves  considerable  neat,  which  prevents  the 
water  from  attaining  its  full  impregnation.  When  the  whole  of  the  sulphuric 
acid  has  been  added,  and  the  gas  no  longer  issues,  let  a  fire  be  lighted  in  the  fur- 
nace beneath  the  sand  bath,  removing  the  bent  tube  a,  and  substituting  a  well 
ground  glass  stopper.  This  will  renew  the  production  of  gas  ;  and  the  tempera- 
ture must  be  preserved,  as  long  as  gas  continues  to  be  evolved.  At  this  penod  it 
is  necessary  to  keep  the  luting  which  connects  the  retort  and  receiver,  perfectly 
cool.*  Towards  the  close  of  the  process,  a  dark  coloured  liquid  is  condensed  in 
the  first  receiver,  consisting  of  a  mixture  of  sulphuric  and  hydrochloric  acid*. 
When  nothing  more  comes  over,  the  operation  may  be  suspended,  and  the  liquid 
in  the  two  receivers  must  be  preserved  in  bottles  with  ground  stoppers.  It  con- 
sists of  liquid  hydrochloric  acid.    H.  272. 

635.  When  hydrochloric  acid  is  thus  dissolved  in  water,  it  forms 
the  liquid  muriatic  acid,  or  spirit  of  salt.    When  pure  it  is  perfectly 

Impurities,  colourless,  but  it  is  generally  impure.  Its  usual  impurities  are  nitric 
acid,  sulphuric  acid,  and  oxide  of  iron.  The  presence  of  nitric  acid 
may  be  inferred  if  the  hydrochloric  acid  has  the  property  of  dissolv- 
ing gold-leaf.  Iron  may  be  detected  by  ferrocyanuret  of  potassium, 
and  sulphuric  acid  by  chloride  of  barium,  the  suspected  hydrochloric 
acid  being  previously  diluted  with  three  or  four  parts  of  water.  The 
presence  of  nitric  acid  is.  provided  against  by  igniting  the  sea-salt, 
in  order  to  decompose  any  nitre  which  it  may  contain.  The  other 
impurities  may  be  avoided  by  employing  Woulfe's  apparatus. 

636.  Liquid  hydrochloric  acid  emits  white  suffocating  fumes,  con- 
sisting of  hydrochloric  acid  gas,  which  become  visible  by  contact  with 
the  moisture  of  the  air  (630).    When  heated  in  a  retort,  the  gas  is 

Pro  rt'e    disengaged,  and  may  be  collected.    It  is  not  decomposed  by  the 
oTtET  168  contact  of  charcoal,  or  other  combustible  bodies.  When  diluted  with 
liquid  acid,  water,  an  elevation  of  temperature  is  produced,  less  remarkable, 
however,  than  that  occasioned  by  diluting  sulphuric  acid  (66) ;  and 
when  the  mixture  has  cooled  to  its  former  temperature,  a  diminution 
of  volume  is  found  to  have  ensued. 
Combines      637.  Hydrochloric  acid  combines  readily  with  alkalies,  and  with 
jvithalka-  most  of  the  oxides  both  in  their  pure  and  carbonated  state.t  H.  1.272. 

A  mixture  of  nitric  and  hydrochloric  acids,  in  the  ratio  of  one 
Aqua  regis,  measure  of  the  former  to  two  of  the  latter,  has  long  been  known 
under  the  name  of  aqua  regia,  as  a  solvent  for  gold  and  platinum. 
When  these  acids  are  mixed  together,  the  solution  instantly  becomes 
yellow  ;  and  on  heating  the  mixture,  pure  chlorine  is  evolved,  and 
the  colour  of  the  solution  deepens.  On  continuing  the  heat,  chlorine 
and  nitrous  acid  vapors  are  disengaged.  At  length  the  evolution  of 
chlorine  ceases,  and  the  residual  liquid  is  found  to  be  a  solution  of 
hydrochloric  and  nitrous  acids,  which  is  incapable  of  dissolving 
gold.  The  explanation  of  these  facts  is,  that  nitric  and  hydrochloric 
acids  decompose  one  another,  giving  rise  to  the  production  of  water 
and  nitrous  acid,  and  the  separation  of  chlorine;  while  hydrochloric 
and  nitrous  acids  may  be  heated  together  without  mutual  decompo- 

*  The  clay  and  sand  lute  is  the  best  for  this  juncture. 

t  For  a  Cull  account  of  the  opinions  which  have  been  maintained  concerning  the 
nature  of  chlorine  and  hydrochloric  acid,  the  reader  is  referred  to  the  controversy 
tween  Murray  and  J.  Davy,  in  the  34lh  vol  of  Sichot son's  Jour. ;  to  Davy's  paper  id 
the  PhU.  Tram,  for  1818,  p.  169  ;  to  the  f-lh  vol  of  Trans.  Roy.  Soc.  Edin.  ;  llie^"". 
ofPhilo*.  xii.  379  and  xiii.  26,  286  ;  and  to  a  paper  by  Phillips,  in  the  new  series  0! 
that  work,  vol.  i.  p.  27,  on  the  action  of  chlorides  on  water. 
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sition.   It  is  hence  inferred  that  the  power  of  nitro-hydrochloric  acid   Sect,  x. 
in  dissolring  gold  is  owing  to  the  chlorine  which  is  liberated.* 

638.  Hydrochloric  acid  is  distinguished  by  its  odour,  volatility,  Hydrochlo- 
and  strong  acid  properties.  With  nitrate  of  oxide  of  silver  it  yields  ricaciddis- 
the  same  precipitate  as  chlorine;  but  there  is  no  difficulty  in  dis-  tingui»hed. 
uhguishing  between  them  ;  for  the  bleaching  property  of  the  former 

is  a  sure  ground  of  distinction. 

639.  The  experiments  of  Davy,  and  Gay-Lussac  and  Thenard  Composi- 
concur  in  proving  that  hydrogen  and  chlorine  gases  unite  in  equal  uoo. 
volumes,  and  that  the  hydrochloric  acid,  which  is  the  sole  and  con- 
stant product,  occupies  the  same  space  as  the  gases  from  which  it 

is  formed.    From  these  facts  the  composition  of  hydrochloric  acid 
is  easily  inferred.    For,  as 

50  cubic  inches  of  chlorine  weigh  38.2994  grains. 

50        "  hydrogen  .  1.0683  " 

100  cubic  inches  of  hydrochloric  acid  gas  must  weigh  39.3077 

These  numbers  are  nearly  in  the  ratio  of  1  to  35.42,  being  that  of 
single  eq.  of  chlorine  and  hydrogen.  Hence  its  eq.  is  as  already 
stated. 

Compounds  of  Chlorine  and  Oxygen. 

640.  The  leading  character  of  these  compounds  is  derived  from  Leading 
the  circumstance  that  chlorine  and  oxygen,  the  attraction  of  which  charMtcr' 
for  most  elementary  substances  is  so  energetic,  have  but  a  feeble 

affinity  for  each  other. 

They  cannot  be  made  to  combine  directly,  and  very  slight  causes 
effect  their  separation. 

Two  volumes  of  chlorine,  as  also  two  of  hydrogen  and  of  nitro- 
gen correspond  to  one  equivalent  or  atom.t 

Hypochlorous  Acid. 

Composition. 

Fbrm.  Sp.  Gt.  Chlor.     Oxy.  Chan.  Etptiv, 

Cl+O,  Ol.orCIO       3.0212       By  Wght.  35.42    =    8  43.42 

"   Vol.      2        ss  1 

641.  This  gas  was  discovered  in  1811  by  Davy  and  describ-  Discovery, 
ed  under  the  name  of  Euchlorine.X    Until  recently  it  has  been  con- 
sidered to  be  the  protoxide  of  chlorine. 

642.  It  is  obtained  by  the  action  of  hydrochloric  acid  on  chlorate 
of  potassa. 

Twelve  parts  of  acid  diluted  with  an  equal  weight  of  water  may  be  poured 
upon  five  parts  of  the  salt  (50  or  100  grains  will  be  sufficient);  a  very  gentle 
beat  is  to  be  applied  by  a  small  spirit  Tamp,  and  the  gag  may  be  collected  over 

643.  This  gas  is  generally,  if  not  always,  best  made  in  a  tube  retort,  formed 
from  a  piece  of  plain  glass  lube,  about  half  an  inch  in  diameter,  two  or  three 

*  Davy  in  Quart.  Jour.  vol.  1. 

t  Berzclius  considers  ihe  atoms  of  all  elements  as  possessing  the  same  vo'ume, 
wd  regards  the  compounds  of  chlorine  and  oxygen  as  composed  of  two  equiv.  of 
chlorine  and  one,  four,  five  and  seven  of  oxygen. 

IPhUoa.  Tram. 
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Chap.  III. 


Caution. 


Theory. 


si} 


inches  in  length,  according  to  circumstances,  and  closed  at  one 
-  end.  (Fig.  ll>2.)  The  mouth  should  be  fitted  with  a  good  perfora- 
ted cork,  having  a  small  tube  fixed  into  it,  which,  after  proceed- 
ing about  an  inch  upwards  from  the  cork,  is  to  turn  off  nearly 
at  right  angles  for  about  three  inches,  and  then  return  to  its  first 
direction  for  about  the  eighth  of  an  inch.  This  piece  of  tube 
is  the  neck  of  the  retort,  whilst  the  wide  Bhort  piece  is  the 
body  ;  the  latter  having  received  its  charge,  the  cork  is  to  be 
put  in  and  made  tight  by  cement,  when  the  distillation  may  be  proceeded  with, 
and  the  gas  evolved  and  collected.  F. 

Great  care  should  be  taken  in  preparing  this  gas,  as  it  explodes 
violently  when  exposed  to  a  moderate  heat,  though  nothing  is  mixed 
with  it ;  when  the  spirit  lamp  is  used,  it  should  be  held  immediately 
belotv  the  retort,  so  as  not  to  play  on  its  sides,  and  the  gas  should 
then  come  slowly  away,  producing  a  very  moderate  effervescence.* 

644.  When  the  object  is  merely  to  notice  a  few       Fi«  iei 
of  the  properties  of  the  gas,  it  may  be  obtained 
from  materials  placed  in  a  glass  tube,  15  or  16 
inches  in  length  and  about  an  inch  in  diameter,  sur- 
rounded by  water  and  heated,  as  in  the  Fig.  163. 

645.  The  production  of  this  gas  is  explicable  by 
the  fact,  that  hydrochloric  and  chloric  acids  mutual- 
ly decompose  each  other.  When  hydrochloric  acid 
and  chlorate  of  potassa  are  mixed  together,  more  or  less  of  the  po- 
tassa  is  separated  by  the  hydrochloric  acid  from  the  chloric  acid,  and 
the  latter  being  set  at  liberty,  reacts  on  free  hydrochloric  acid.  The 
result  depends  upon  the  relative  quantities  of  the  materials.  If  hy- 
drochloric acid  be  in  excess,  the  chloric  acid  undergoes  complete  de- 
composition. For  each  eq.  of  chloric  acid,  five  eq.  of  hydrochloric 
acid  are  decomposed  :  the  five  eq.  of  oxygen  contained  in  the 
former,  unite  with  the  hydrogen  of  the  latter,  producing  five  eq. 
of  water;  while  the  chlorine  of  both  acids  is  disengaged.  If,  on 
the  contrary,  chlorate  of  potassa  be  in  excess,  the  chloric  acid  is  de- 
prived of  part  of  its  oxygen  only ;  the  products  are  water  and  the 
euchlorine  of  Davy. 

646.  The  chloric  and  hydrochloric  acids  react  on  each  other  in 
the  ratio  of  one  eq.  to  two,  or,  what  is  the  same  thing,  in  that  of 
four  eq.  to  eight  eq. ;  -thus 

4(Cl+50)  ild  8(H+0) 

and  8  (H+Cl)  y,e,a  12  (Cl+O) 


^3 


*  In  reference  to  the  distillation  of  this  gas,  and  of  all  other  explosive  substances, 
the  stu  lent  should  be  aware  of  the  caution  required  to  prevent  accidents,  in  case  explo- 
sion should  occur.  Whenever  such  an  effect  is  probable,  the  vessel  should  he  sur- 
rounded with  tow  or  cloth,  that  if  it  break,  the  fragments  may  he  retained  ;  and  during 
distillation  the  side  of  the  apparatus,  or  that  part  which  is  guarded  by  the  tow,  is  lobe 
turned  towards  the  eyes,  that  they  at  least  may  be  out  of  danger.  It  is  not  easy  to 
wrap  tow  regularly  and  tightly  round  a  clean  glass  tube,  from  its  tendency  to  slip  om 
the  surface ;  but  the  difficulty  is  easily  obviated,  by  rubbing  the  outside  of  the  tube 
with  soil  cement,  or  a  very  little  turpeutiue  with  a  piece  of  tow  or  cloth,  so  as  to  ren- 
der it  slightly  adhesive  to  the  fingers.    Faraday  p.  409. 

Silliman  prefers  placing  the  materials  for  producing  the  gas  in  a  small  glass  flask 
furnished  with  a  tube  bent  twice  at  right  angles,  and  passing  to  tbe  bottom  of  any 
clean  dry  phial,  flask,  or  tube,  rather  deep  with  a  narrow  neck,  a  gentle  heat,  applied 
beneath  the  flask,  soon  disengages  the  euchlorine  gas,  which,  by  its  great  weight,  dis- 
place* the  common  air  from  the  recipient,  and  lake*  its  place.  By  using  longs,  pro- 
perly curved,  so  as  to  embrace  the  phials  or  tubes  filled  with  the  gas,  the  operator  may 
perform  all  ihe  necessary  experiments,  without  danger  of  causing  an  explosion  ly  the 
warmth  of  the  hand.    Amcr.  Jour.  vi.  165. 
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the  gas  thus  obtained,  is  not  a  distinct  compound,  but  a  mixture  Sect.x. 
of  chlorine  and  chlorous  acid.    T.  ais. 

647.  The  process  for  obtaining  the  pure  acid,  is  to  pour  into  bot-  Process  for 
ties  rilled  with  chlorine  gas,  peroxide  of  mercury  in  fine  powder,  and  JJjeJPure 
mixed  with  twice  its  weight  of  distilled  water ;  by  brisk  agitation 

the  chlorine  is  rapidly  and  completely  absorbed,  if  a  slight  excess  of 
the  peroxide  be  used.  By  this  process  one  portion  of  the  peroxide 
of  mercury,  HgO\  is  decomposed,  both  its  constituents  combining 
with  chlorine;  the  mercury  forming  corrosive  sublimate  HgCI8,  and 
the  oxygen  hypochlorous  acid.  The  latter  remains  in  solution  in 
the  water ;  while  the  former,  by  combining  with  undecomposed  per- 
oxide of  mercury,  forms  the  sparingly  soluble  oxychloride  of  mer- 
cury, which  is  separated  by  filtration.  The  hypochlorous  acid  being 
volatile,  is  obtained  pure  by  distillation  ;  the  temperature  being  kept 
below  212°  as  the  acid  decomposes  at  that  heat.  The  process  is 
best  performed  under  reduced  pressure. 

648.  As- thus  obtained,  hypochlorous  acid  is  a  transparent  liquid  properties, 
of  a  slightly  yellow  colour ;  when  concentrated,  with  a  strong  pene- 
trating odour,  similar  to  that  of  chlorine.  It  acts  powerfully  upon  the 

skin,  and  bleaches. 

It  is  easily  decomposed,  chlorine  being  evolved  and  chloric  acid 
produced  ;  a  change  effected  by  light  and  instantly  by  the  direct 
rays  of  the  sun.  It  is  also  decomposed  by  angular  bodies,  as  by 
pounded  glass. 

649.  It  is  one  of  the  most  powerful  oxidizing  agents  ;  its  action,  Oxidizes, 
however,  is  various  and  is  principally  observed  in  relation  to  the  sim- 
ple nou-metallic  elements.    Its  action  on  the  more  perfect  metals  is 

slight,  with  the  exception  of  iron  and  silver,  which  in  a  state  of  mi- 
nute division  instantly  decompose  it. 

6o0.  Hypochlorous  acid  has  also  been  obtained  in  the  gaseous  Another 
form,  by  introducing  a  small  quantity  of  its  concentrated  solution  p«*ess. 
into  a  bell  glass  over  mercury  and  adding  fragments  of  dry  nitrate 
of  lime.    The  latter  unites  with  the  water  and  the  acid  gas  escapes. 
The  gas  is  of  a  yellowish  green  colour ;  it  unites  rapidly  with  water 
which  absorbs  at  least  100  times  its  volume. 

651.  It  detonates  by  a  slight  increase  of  temperature,  and  oxygen  Specific 
and  chlorine  are  the  results  ;  100  measures  produce  100  of  chlorine  8raT»tJri^c- 
and  50  of  oxygen.*    From  these  data  its  sp.  gr.  is  3.0212  ;  its  eq. 
43.42 ;  eq.  vol.  =  100 ;  symb.  Cl+O,  CI,  or  CIO.    (T  ) 

Chlorous  Acid. 
Composition. 

Symb.  Sp.  Gr.        Chi.  Oxy.      Equiv.     E({uir.  Vol. 

Cl+lO.ClorClO*       2.3374      By  W>ht.  35.4  2        32  67.42        =  200 

'   Vol.     2  4 

6-52.  This  compound  was  discovered  by  Davy  in  181-5,  and  soon 
after  by  Count  Stadion  of  Vienna.  It  has  heretofore  been  described 
as  the  peroxide  of  chlorine,  but  having  been  found  to  possess  acid 
properties,  and  to  form  definite  compounds  with  alkaline  bases,  it 


*  Baiard  Ann.  de  Chim.  et  dt  Phy$  Ivii.  225. 
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Chap,  hi.  must  now  be  called  chlorous  acid.    It  is  formed  by  the  action  of  sul- 
phuric acid  on  the  chlorate  of  potassa. 

Method  of  To  procure  it,  50  or  60  grains  of  the  powdered  chlorate  of  potassa,  are  to 
obtaining,  be  mixed  with  a  small  quantity  of  concentrated  sulphuric  acid.  When  thor- 
oughly incorporated,  a  solid  mass  will  result,  of  a  bright  orange  colour.  This  is 
to  be  introduced  into  a  very  small  retort  of  gloss,  or  a  bent  tube,  which  is  to  be 
exposed  to  the  heal  of  water  gradually  warmed,  but  provented  from  attaining 
the  boiling  point,  by  an  admixture  of  spirit  of  wine. 

653.  In  this  process  the  sulphuric  acid  decomposes  some  of  the 
chlorate  of  potassa,  and  sets  chloric  acid  at  liberty.  The  chloric 
acid  at  the  moment  of  separation,  resolves  itself  into  chlorous  acid  and 
oxygen  ;  the  last  of  which,  instead  of  escaping  as  free  oxygen  gas, 
goes  over  to  the  acid  of  some  undecomposed  chlorate  of  potassa,  and 
converts  it  into  perchloric  acid.  The  products  are  bisulphate  and 
perchlorate  of  potassa,  and  chlorous  acid.  It  is  probable  that  every 
three  eq.  of  chloric  acid  yield  one  eq.  of  perchloric  and  two  eq.  of 
chlorous  acid.  T. 

Salts  of,  654.  This  acid  readily  unites  with  the  alkalies  and  alkaline  earths, 
and  the  union  is  effected  by  transmitting  the  gas  into  the  alkaline 
solutions.  The  salts  are  soluble  in  water  and  bleach. 
Decompo-  655.  It  is  decomposed,  at  common  temperatures,  by  phosphorus, 
*hd  \  which  occasions  an  explosion  when  introduced  into  it.  It  explodes 
Jnd'ffea0™8  violently  at  212°,  and  great  care  is  necessary  in  operating  with  it. 

Chloric  Acid. 


Fbnn.  Chlor.  Dry.  Equiv. 

Cl-H50,  Cl,'orCl05  ByWght.  J5.42  40  75.4t 

t{  Vol.      2  5 

656.  When  a  current  of  chlorine  gas  is  passed  into  a  strong  solu- 
tion of  pure  potassa,  part  of  the  alkali  is  decomposed  and  chloride  of 

Process,  potassium  and  hypochlorite  of  potassa  are  generated.  On  bringing 
the  solution  to  the  boiling  point,  the  latter  salt  is  decomposed.  The 
changes  are  complicated  ;  from  experiments*  nine  eq.  of  hypochlo- 
rite of  potassa  produce  one  eq.  of  chlorate  of  potassa,  eight  eq.  of 
chloride  of  potassium,  and  twelve  eq.  of  oxygen  :  or  thus 

9  (KO+CIO)    yield    (KO+CIO5),  SKC1    and  120 

657.  When  weak  sulphuric  acid  is  added  to  a  dilute  solution  of 
chlorate  of  baryta,  exactly  sufficient  for  combining  with  the  baryta, 
sulphate  of  baryta  subsides,  and  pure  chloric  acid  remains  in  the 
liquid. 

658.  This  acid  was  first  obtained  by  Gay-Lussac.  It  reddens 
vegetable  blue  colours,  has  a  sour  taste,  and  forms  neutral  salts,  cal- 
led ctdorates  (formerly  hyptroxymuriales.)  It  has  no  bleaching  prop- 
erties, nor  does  it  afford  a  precipitate  with  solution  of  nitrate  of  oxide 
of  silver. 

659.  Chloric  acid  is  easily  decomposed  by  oxidizing  agents;  and 

Decompos-  it  is  easily  known  by  forming  a  salt  with  potassa,  which  crystal! 

ed.  

*  Of  Morin,  Soubeirain,  and  Balard. 
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in  tables  and  has  a  pearly  lustre,  deflagrates  on  burning  coals,  and  8-t.  x. 
yields  chlorous  acid  by  the  action  of  concentrated  sulphuric  acid. 

Perchloric  Acid. 

Composition. 

Form.  CU.  Oxy.  Equiv. 

CI+70,  Cl  or  CI07  ByWght.  35.41      .     66  91.42 

■    Vol.     2  7 

660.  The  saline  matter  which  remains  in  the  retort  after  forming 
chlorous  acid,  is  a  mixture  of  perchlorate  and  bisulphate  of  potassa, 
and  by  washing  it  with  cold  water,  the  bisulphate  is  dissolved  and 
the  perchlorate  is  left.  This  acid  may  be  prepared  from  the  salt  by 
mixing  it  in  a  retort  with  half  its  weight  of  sulphuric  acid,  diluted 
with  one  third  water,  and  applying  heat  to  the  mixture.  At  the 
temperature  of  about  284°  F.  white  vapours  rise,  which  condense  as 
a  colourless  liquid  in  the  receiver.  This  is  a  solution  of  perchloric 
acid. 

Stadion,  its  discoverer,  found  it  to  be  a  compound  of  1  eq.  chin-  c< 
rine  -j~  7  eq.  oxygen,  and  his  analysis  has  been  confirmed  by  Gay-  * 
Lussac  and  others. 

661.  When  concentrated  it  has  a  density  of  1.65  in  which  state  it  properties, 
emits  vapour  on  exposure  to  the  air,  absorbs  moisture,  and  boils  at 

392°.    It  hisses  when  thrown  into  water  like  a  red-hot  iron  when 
quenched. 

662.  It  forms  a  salt  with  potassa,  requiring  65  times  its  weight 
of  water  at  60°  for  solution.  The  perchlorate  of  potassa  is  dis- 
tinguished from  the  chlorate  by  not  acquiring  a  yellow  tint  on  the 
addition  of  hydrochloric  acid. 

Quadrochloride  of  Nitrogen —  Chloride  of  Nitrogen. 

Sp.  Gr.  1.653. 

663.  Quadrochloride  of  nitrogen,  discovered  in  1811  by  Dulong,*  Properties, 
is  one  of  the  most  explosive  compounds  yet  known,  having  been  the 

cause  of  serious  accidents  both  to  its  discoverer  and  to  Davy.t  It 
does  not  congeal  in  the  intense  cold  produced  by  a  mixture  of  snow 
and  salt.  It  may  be  distilled  at  160° ;  but  at  a  temperature  between 
200  and  212°  it  explodes.  Its  mere  contact  with  some  substances  of 
a  combustible  nature  causes  detonation  even  at  common  temperatures. 
This  result  ensues  particularly  with  oils,  both  volatile  and  fixed. 
The  products  of  the  explosion  are  chlorine  and  nitrogen. t 

6C4.  It  is  prepared  by  inverting  a  jar  or  wide-mouthed  bottle,  (capable  of  con-  proces8 
taining  about  12  or  14  ounces)  full  of  chlorine,  over  a  dilute  solution  of  the  hy- 
droc  morale  of  ammonia,  (sal  ammoniac)  made  by  dissolving  an  ounce  of  the  salt  in 
10  or  12  ounces  of  water  ;  the  bottle  is  placed  on  a  very  strong  shallow  leaden 
cap,  which  rests  on  a  deep  plate  containing  the  solution  previously  heated  to  the 
temperature  of  90°.  One  portion  of  the  chlorine  takes  the  hydrogen  of  the  ammo- 
nia,! forming  hydrochloric  acid,  and  the  other,  combining  with  the  nitrogen,  is 
converted  into  the  quadrochloride,  which  collects  in  the  form  of  an  oil  on  the 
surface  of  the  liquid,  and  drops  through  it  into  the  leaden  cup  :  an  additional 
quantity  of  the  solution  must  be  ready  to  fill  up  the  plate  as  the  absorption  of  the 
chlorine  proceeds. 

665.  Great  care  must  be  taken  not  to  shake  the  bottle,  and  any  Caution. 

*  Ann.  de  Ch.  Ixxxvi.  t  Phil.  Trant.  1813. 

our.  jxxiv.         S  Ammonia  consists  of  hydrogen  and  nitrogen. 
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SSt&  greasy  or  oily  matter  adhering  to  it  must  be  removed  bj  washing  it 
with  a  dilute  solution  of  potassa  before  it  is  filled  with  chlorine. 
When  the  oil  has  fallen  into  the  leaden  cup,  the  bottle  is  carefully 
moved  from  the  cup  to  the  plate,  and  the  leaden  cup  taken  cautiously 
away. 

The  liquid  remaining  above  the  quadrochloride  in  the  cup  is  with- 
drawn by  dipping  small  pieces  of  filtering  paper  into  it.  The  oily 
looking  globules  may  be  conveniently  removed  by  drawing  Pif.iw. 
them  into  a  small  and  perfectly  clean  glass  syringe,  made 
of  a  glass  tube  drawn  to  a  pointed  orifice,  and  having  a  cop- 
per  wire  with  a  piece  of  clean  tow  wrapped  round  it  for  a 
piston,  (Fig.  164) ;  in  this  way  a  globule  may  be  drawn 
into  the  tube,  and  transferred  to  any  other  vessel. 
Precaution!  *n  making  tnese  experiments,  a  small  globule  of 

in  rxperi-   the  compound,  about  the  size  of  a  mustard-seed,  should  be 
mentjng     cautiously  transferred  to  a  clean  porcelain  basin,  half  filled 
with  water.    The  basin  should  be  covered  with  a  wire  safe- 
guard.   A  very  small  piece  of  phosphorus,  fixed  to  the  end 
of  a  long  rod  with  the  extremity  dipped  in  oil,  may  be  then 
brought  into  contact  with  the  globule,  which  instantly  explodes,  dis- 
persing the  water  and  breaking  the  basin.    The  same  compound  may 
be  obtained  by  suspending  a  fragment  of  sal  ammoniac  in  a  solution 
of  hypochlorous  acid.  T. 
Analysis.  Davy  analyzed  this  compound  by  means  of  mercury,  which 

unites  with  chlorine,  and  liberates  the  nitrogen.  He  inferred  from 
his  analysis  thai  its  elements  are  united  in  the  proportion  of  four 
measures  of  chlorine  to  one  of  nitrogen;  and  it  hence  follows  that, 
by  weight,  it  consists  of  four  equivalents  of  chlorine,  and  one  equi- 
valent of  nitrogen.  Its  odour  is  extremely  penetrating  and  almost 
insupportable,  affecting  the  eyes  very  much  on  leaning  over  it  even 
for  a  second  or  two.    It  is  very  volatile. 

Perchloride  of  Carbon. 

Suvib.  Equip. 
9C+3C1,  or  C«Cl».  118.5 

668.  The  discovery  of  this  compound  is  due  to  Faraday.  When 
olefiant  gas  (a  compound  of  carbon  and  hydrogen)  is  mixed  with 
chlorine,  combination  lakes  place  between  them,  and  an  oil-like 
liquid  is  generated,  which  consists  of  chlorine,  carbon  and  hydrogen. 
On  exposing  this  liquid  in  a  vessel  full  of  chlorine  gas  to  the  direct 
solar  rays,  the  chlorine  acts  upon  and  decomposes  the  liquid,  hydro- 
chloric acid  is  set  free,  and  the  carbon,  at  the  moment  of  separation, 
unites  with  the  chlorine.* 

669.  Perchloride  of  carbon  is  solid  at  common  temperatures,  has  an 
aromatic  odour  approaching  to  that  of  camphor,  is  a  non-conductor 
of  electricity,  and  refracts  light  very  powerfully.  Its  specific  gravity 
is  exactly  double  that  of  water.  It  fuses  at  320°,  and  after  fusion 
it  is  colourless  and  very  transparent.    It  boils  at  360°. 

Perchloride  of  carbon  burns  with  a  red  light  when  held  in  the 
flame  of  a  spirit-lamp,  giving  out  acid  vapours  and  smoke.t 

*  Phil.  Trant.  1821. 

t  Protochloridr.  of  Carbon.  Symb.  C+Cl,  or  CC1.    Equiv.  41.54.  Discovered 
by  Faraday  in  decomposing  perchloride  of  car  boa.   It  is  liquid,  colourless,  and  boil* 
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670.  Chlorine  was  long  regarded  as  a  compound  of  muriatic  acid   Sect-  X. 
and  oxygen,  an  opinion  ably  defended  by  Murray  ;  the  phenomena  Nature  of 
which  it  presents  are  all  explicable  on  this  supposition,  though  the  chorine, 
view  proposed  by  Davy,  Gay-Lussac  and  Thenard,  of  its  elementary 
nature,  is  considered  more  in  accordance  with  actual  experiment, 
and  now  generally  adopted.* 


at  170°.  Its  density  is  1 .5526.  Does  not  congeal  at  0°  F.  Analogous  to  perchloride 
of  carbon  in  its  chemical  relations. 

Bichloride  of  Carbon.  Symb.  2C+C1,  or  C2C1.  Eq.  47.66.  Obtained  duriwr  the  dis- 
tillation of  nitric  acid  from  crude  nitre  and  sulphate  of  iron,  in  soft,  adhesive  fibres  of  a 
white  colour  and  peculiar  odour.  Boils  between  360°,  and  450°,  sublimes  at  260.  So- 
luble in  hot  oil  of  turpentine  or  alcohol.    Burns  with  a  red  flame. 

Bichloride  of  Sulphur.  Symb.  2S+CI,  or  S^Cl.  Density  1.687.  Discovered 
by  Thomson.*  Prepared  by  passing  chlorine  over  flowers  of  sulphur.  Liquid,  vola- 
tile below  20O°,  boils  at  230°.  Emits  acrid  fumes.  Consists  or  35.42  parts  or  I  eq. 
chli-inne,  and  32.2  parts  or  2  eq.  sulphur,  t 

Perchloride  of  Phosphorus.  Symb.  2P+6CI,  or  P*Ci5  Equiv.  208.5.  There 
are  iwu  definite  compounds  of  chlorine  and  phosphorus,  the  nature  of  which  was  first 
uti«factorily  explained  by  Davy.*  When  phosphorus  is  introduced  into  a  jar  of  dry 
ralorine,  it  inflames,  and  on  the  inside  of  the  vessel  a  white  matter  collects,  which  is 
pmhloride  of  phosphorus.  It  is  very  volatile,  a  temperature  much  below  212°  being 
lafficient  to  convert  it  into  vapour.  Under  pressure  it  may  be  fused,  and  it  yields 
transparent  prismatic  crystals  in  cooling. 

Sesquichloride  of  Phosphorus,  Symb.  2P+3C1,  or  P»Cl» ;  Equiv.  137.66,  may 
r«  made  by  heating  the  perchloride  with  phosphorus,  or  by  passing  the  vapour  of  phos- 
phorus over  corrosive  sublimate  contained  in  a  glass  lube.  It  is  a  clear  liquid 
I:ke  water,  of  specific  gravity  1.45  ;  emits  acid  fumes  when  exposed  to  the  air,  owing 
\a  the  decomposition  of  watery  vapour  ;  but  when  pore  it  docs  not  redden  dry  litmus 
paprr.  ft  appears  to  consist  of  31.4  parts  or  two  equivalents  of  phosphorus,  and 
10*  26  parts  or  3  eq.  of  chlorine. 

Ckhrocarbonic  Acid  Gas.  Symb  CO+C1,  or  CO.Cl  Equiv  49.54.  This  com- 
pound was  discovered  in  1812  by  Dr  Davy,  who  described  itiu  the  Philos.  Trans,  under 
toe  came  of  phosgene  gas.  (From  tputg  light,  and  ysvvGiv  to  produce.)  It  is  made 
by«pr>»iag  a  mixture  of  equal  measures  of  dry  chlorine  and  carbonic  oxide  gases  to 
iiruSinc,  when  rapid  hut  silent  combination  ensues,  and  they  contract  to  on--  half  tlieir 
▼slum*.  Diffused  daylight  also  effects  their  union  slowly  -,  but  they  do  not  combine  at 
all  when  the  mixture  is  wholly  excluded  from  light. 

Chlorocarbonic  acid  gas  is  colourless,  has  a  strong  odour,  and  reddens  dry  litmus 
paper.  It  possesses  the  characteristic  property  of  acids.  It  is  decomposed  by  contact 
with  water.  100  cubic  inches  weigh  106.7633  grains.  Its  specific  gravity  is  3-4427, 
and  it  consists  of  35.42  parts  or  one  equivalent  of  chlorine,  and  14.12  parts  or  one 
equivalent  of  carbonic  oxide. 

Ttrduoride  of  Boron.  Symb  B+3C1,  or  BCls.  Equiv.  117.16,  cq.vol.  =  200. 
Berzelius  found  that  if  boron,  previously  heated,  was  exposed  in  a  glass  tube  to  a  cor- 
real of  dry  chlorine,  and  gently  heated  as  soon  as  the  atmospheric  air  was  expelled,  a 
colourless  gas  was  obtained,  which  could  be  collected  over  mercury.  It  may  also  be 
generated  by  the  action  of  dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid  heated 
to  redness  in  a  porcelain  tube.    It  is  absorbed  by  water.    Its  sp.  cr.  is  4.0805. 

Tenhloride  of  Silicon.  Symb  SH-3CI,  or  SiCH }  Equiv.  12B.76,  is  obtained  by 
heating  silicon  in  a  current  of  chlorine  gas.  It  is  a  limpid,  volatile  fluid,  boiling  at 
124°  and  not  solid  at  zero.    Its  odour  is  suffocating. 

Oersted  obtained  it  by  mixing  about  equal  parts  of  hydra  ted  silicic  acid  and  starch 
asto  a  paste  with  oil,  heating  the  mass  in  a  covered  crucible  so  as  to  char  the  starch, 
introducing  the  mixture  in  fragments  into  a  porcelain  tube,  and  then  transmitting 
through  it  a  current  of  dry  chlonne  while  the  tube  is  kept  at  a  red  heat.  The  chlorine 
tnittt  with  silicon,  and  the  charcoal  and  oxygen  combine.  The  volatile  chloride  is 
then  agitated  with  mercury  to  separate  the  free  chlorine,  and  purified  by  distillation. 

Odoronitrous  G is.  When  fused  chloride  of  sodium,  potassium,  or  calcium. 
»  powder,  is  treated  with  as  much  strong  nitric  acid  as  is  sufficient  to  wet  it,  mutual 
decomposition  ensues,  and  a  new  gas,  composed  of  chlorine  and  binoxide  of  nitrogen, 
a  reiterated.  It  was  discovered  by  E.  Davy,  who  describes  it  as  of  a  pale  reddish 
Tffiow  colour,  of  an  odour  similar  to  that  of  chlorine,  and  as  haring  bleaching  proper- 
ties. 

•For  sn  account  of  the  changes  of  opinion  concerning  the  uaturc  of  chlorine,  see 
Tamer.  226. 

la  referring  to  chemical  works  published  before  the  present  views  were  entertained, 
•  Xichotaoa's  J*m.  vol.  vL         f  Rom—  P«g.        xxK  431 .         J  EUmtnts,  p.  990. 
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Section  XI.  Iodine. 

Symb.  Sp.  Gr.  Chrm.  Equip. 

L  8.T020  Air=l  By  Vol.  100 

126.30   Hyd.=  1  "  Wght.  126.3 

671.  Iodine  was  discovered  accidentally  by  Courtois,  a  manufac- 
of  lodmef  turer  °f  saltpetre  at  Paris,  in  1812.  In  the  process  for  procuring 
soda  from  the  ashes  of  sea-weeds,  he  found  that  his  metallic  vessels 
were  much  corroded,  and  in  searching  for  the  cause,  he  made  the 
discovery  of  iodine.  Its  real  nature  was  soon  after  determined  by 
Gay-Lussac  and  Davy,  each  of  whom  proved  that  it  is  a  simple  non- 
metallic  substance,  exceedingly  analogous  to  chlorine.* 
Ocean  in  672.  Iodine  is  frequently  met  with  in  nature  in  combination  with 
nature.  potassium  or  sodium.  Under  this  form  it  occurs  in  many  salt  and 
other  mineral  springs,  both  in  Europe  and  America.*  It  has 
been  detected  in  the  water  of  the  Mediterranean,  in  the  oyster  and 
some  other  marine  molluscous  animals,  in  sponges,  and  in  most 
kinds  of  sea-weed.  In  some  of  these  productions,  such  as  the  Fucus 
serratus  and  Fucum  digitatus,  it  exists  ready  formed,  and  according 
to  Fyfet  may  be  separated  by  the  action  of  water;  but  in  others  it 
can  be  detected  only  after  incineration.  Marine  animals  and  plants 
doubtless  derive  from  the  sea  the  iodine  which  they  contain.  Vau- 
quelin  found  it  also  in  the  mineral  kingdom,  in  combination  with 
silver.^ 

Process  for  673.  Iodine  is  procured  from  the  impure  carbonate  of  soda,  called 
i°odTaS,ing  kelp,ll  which  is  prepared  in  large  quantity  on  the  northern  shores  of 
Scotland,  by  incinerating  sea-weeds.  The  kelp  is  employed  by  soap- 
makers,  for  the  preparation  of  carbonate  of  soda ;  and  the  dark  resi- 
dual liquor,  remaining  after  that  salt  has  crystallized,  contains  a  con- 
siderable quantity  of  iodine,  combined  with  sodium  or  potassium. 
By  adding  a  sufficient  quantity  of  sulphuric  acid,  hydriodic  acid  is 
first  generated,  and  then  decomposed. 


the  following  memoranda  will  enable  the  student  to  translate  the  language  formerly 
employed  into  the  present  nomenclature. 


According  to  the  old  doctrine, 

1.  Chlorine  is  a  compound  of  muriatic 
acid  28  +  Oxygen  8  =  36.* 

2.  Muriatic  acid  gas  consists  of  28  real 
acid +  9  water  =37. 


3.  Muriatic  acid  gas,  acting  on  oxides, 
gives  out  its  combined  water,  the  real 
acid  28  combining  with  the  oxide. 


According  to  Davy. 

1.  Chlorine  is  an  element. 

2.  Muriatic  acid  gas  is  the  real  acid,  and 
contains  no  water,  consisting  of  chlo- 
rine 36  +  hydrogen  1  =  37. 

3.  Muriatic  acid  gas  acting  on  oxides  is 
decomposed,  its  hydrogen  uniting  with 
the  oxygen  of  the  oxide,  and  producing 
the  water  which  is  detached,  while  a 
compound  of  chlorine  and  the  metal  is 
left.   Reid's  Text  Book. 

*  The  originalpapers  on  this  subject  are  in  the  Ann.  de  Chim.  vols,  lxxxriii.,  xc.  and 
xci.,  and  in  the  Philot.  Trans,  for  1814  and  1816. 

t  On  iodine  in  the  waters  of  Saratoga,  see  Amer.  Jour.  xri.  242. 
X  Edin.  Phihs.  Jour.  1. 264.  Siln.deCA.dde  Ph.  xxix. 

||  For  a  method  of  determining  the  proportions  of  iodine  in  kelp,  &c.  sea  Jour,  de 
Chtm.  Med.  Aug.  1838,  and  Lond.  and  Edin.  Phil.  Mag.  xiii.  468. 

*  The  numbers  given  by  Reid  are 


more  correct  numbers  of 


Turner. 
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Lixiviate*  powdered  kelp  with  cold  water.  Era. 
porate  the  lixivium  till  a  pellicle  forms,  and  set 
aside  to  crystallize.  Evaporate  the  mother  liquor 
to  dryness,  and  pour  upon  the  mass  half  its  weight 
of  sulphuric  acid.  Apply  a  gentle  heat  to  this  mix- 
tare  in  the  flask  a  of  the  alembic  shown  in  Fig.  165, 
of  which  the  head  or  capital  6,  lus  a  tube  issuing 
from  it,  and  descending  into  the  receiver  e.  Fumes 
of  a  violet  colour  arise  and  condense  in  the  form  of 
opaque  crystals,  having  a  metallic  lustre,  which  are 

to  be  washed  out  of  the  head  of  the  alembic  with  a  small  quantity  of  water,  and 
quickly  dried  upon  bibulous  paper. 

674.  A  more  convenient  process  is  to  employ  a  moderate  excels  of  sulphuric  Another, 
acid,  and  then  add  to  the  mixture  some  peroxide  of  manganese,  which  acts  on 
hydriodic  in  the  same  way  as  on  hydrochloric  acid  (608).  Another  method, 
proposed^by  Soubeirain,  is  by  adding  to  the  ley  from  kelp  a  solution  made  with 
the  sulphates  of  protoxides  of  copper  and  iron  in  the  ratio  of  1  of  the  former  to  2$ 
of  the  latter,  as  long  as  a  white  precipitate  appears.  The  diniodide  of  copper  is 
thus  thrown  down ;  and  it  may  be  decomposed  either  by  peroxide  of  manganese 
or  by  manganese  and  sulphuric  acid.    By  means  or  the  former,  the  iodine 


over  quite  dry  ;  but  a  strong  heat  is  requisite. 

675.  As  the  liquid  directed  to  be  used  (673)  may  not  be  easily  procured,  the  me- 
thod of  preparing  iodine  may  be  shown,  by  mixing  a  little  pure  hydriodic  acid  with 
the  peroxide  of  manganese  in  a  small  tube  or  glass  retort. 

676.  Iodine  is  a  solid  at  the  ordinary  temperature  of  theatmos-; 
phere.  It  is  often  in  scales  resembling  those  of  micaceous  iron  ore ; 
sometimes  in  large  and  brilliant  rhomboidal  plates,  the  primitive 
form  of  which  is  a  rhombic  octohedron.  Its  colour  is  bluish  black  ; 
its  lustre  metallic  ;  it  is  soft  and  friable,  and  a  non-conductor  of  elec- 
tricity. It  produces  a  yellow  stain  upon  the  skin.  Its  smell  resem- 
bles that  of  diluted  chlorine.  Its  taste  is  acrid.  Its  sp.  gr.  according 
to  Gay-Lussac  is  4.948,  but  Thomson  found  it  only  3.0844. 

Iodine  is  fusible  at  225°  F.  and,  under  the  ordinary  pressure 
of  the  atmosphere,  is  volatilized  at  a  temperature  somewhere  near 
350°. 

677.  Its  vapour  is  very  dense,  its  sp.  gr.  being,  by  calculation  as  al-  Vapoorof. 
ready  given,  or,  as  directly  observed  by  Dumas,  8.716 ;  hence  100 

cubical  inches  weigh  269.8638  grains. 

The  volatilization  of  iodine  at  the  heat  of  boiling  water,  which  hap- 
pens when  it  is  distilled  with  that  fluid,  depends  on  its  affinity  for 
aqueous  vapour. 

The  colour  of  the  vapour  of  iodine  is  a  beautiful  violet,  and  hence 

its  name,  (from  htdrjs  violaceus.) 

This  may  be  exhibited  by  introducing  a  few  scales  of  iodine  into  a  glass  ma-  Exp. 
it  over  a  few  coals. 


678.  Like  chlorine  and  oxygen,  iodine  is  a  negative  electric.  It  Ojher  pro- 
renders  vegetable  colours  yellow.  It  is  very  sparingly  soluble  in  " 
water,  that  liquid  not  holding  more  than  its  weight  in  solution  ; 
the  colour  of  the  solution  is  yellow.  It  is  much  more  soluble  in  spirit 
of  wine  and  in  ether.  It  acts  energetically  on  the  animal  system  as 
an  irritant  poison,  but  is  employed  medicinally  in  very  small  doses 
wiih  advantage. 

679.  Iodine  manifests  a  strong  attraction  for  the  pure  metals  and 
for  the  most  of  the  simple  non-metallic  substances.  These  combina- 

*  When  water  is  poured  upon  certain  bodies  for  the  purpose  of  extracting  their  saline 
"its,  the  process  is  called  lixiviation,  and  the  solution  obtained,  a  /iriti'um. 
'  see  Ure's  Did.,  articl.  ' 
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*"•  tions  are  termed  Iodides  or  Iodurett.  It  is  not  inflammable ;  but 
under  favourable  circumstances  may,  like  chlorine,  be  made  to  unite 
with  oxygen.  A  solution  of  the  pure  alkalies  acts  upon  it  giving  rise 
to  the  decomposition  of  water.  Whether  a  hypo-iodite  and  iodide 
are  first  produced,  as  in  the  case  of  chlorine,  has  not  yet  been  deter- 
mined, but  on  the  application  of  heat  an  iodate  and  iodide  are 
formed,  t. 

Action  of  680.  Pure  iodine  is  not  influenced  chemically  by  exposure  to  the 
j^l^nder"  direct  solar  rays,  or  to  strong  shocks  of  electricity.  It  may  be  passed 
through  red-hot  tubes,  or  over  intensely  ignited  charcoal,  without 
any  appearance  of  decomposition  ;  nor  is  it  affected  by  the  agency  of 
galvanism.  Chemists,  indeed,  are  unable  to  resolve  it  into  more 
simple  parts,  and  consequently  it  is  regarded  as  an  elementary  prin- 
ciple. 

Test  for  6S1.  The  most  delicate  test  of  the  presence  of  iodine,  is  starch, 
iodine-  and  if  added  to  any  liquid  containing  it,  with  a  few  drops  of  sulphu- 
ric acid,  a  blue  compound  is  formed  which  is  insoluble  in  water. 
According  to  Stromeyer,  a  liquid  containing  but  tot-Wit  of  its 
weight  of  iodine,  receives  a  blue  tinge  from  a  solution  of  starch. 
Two  precautions  should  be  observed  to  ensure  success.  In  the  first 
place  the  iodine  must  be  in  a  free  state ;  for  it  is  the  iodine  itself 
only,  and  not  its  compounds,  which  unite  with  starch.  Secondly,  the 
solution  should  be  quite  cold  at  the  time  of  adding  the  starch  ;  for 
boiling  water  decomposes  the  blue  compound,  and  consequently  re- 
moves its  colour.* 

Equivalent.  (jg2.  By  expelling  the  iodine  from  fused  iodide  of  silver  by  a  cur- 
rent of  chlorine  gas  and  thus  obtaining  a  chloride,  the  composition 
of  which  was  known,  Berzelius  inferred  the  equivalent  of  the  iodide, 
and  from  that  the  equivalent  of  iodine. 

Hydriodic  Acid. 


127.3 


Form.  Sp.  Gr.  Iod-  Hyd.  Equiv. 

H+I,  or  HI        4.3854  Air    =  1       126.3  1  eq.  -4-  1      =    By  Wght. 

63.65     Hyd.  =1  ■  «'  Vol  200 


Formed.  683.  When  a  mixture  of  hydrogen  and  the  vapour  of  iodine  is 
transmitted  through  a  red  hot  porcelain  tube,  direct  combination 
takes  place  and  hydriodic  acid  gas  is  formed. 

This  gas  may  be  obtained  by  mixing  one  part  of  phosphorus  with 
ten  of  iodine  moistened  with  water,  placing  it  previously  iu  a  very 
small  glass  retort  or  flask,  and  applying  a  gentle  heat  with  a  spirit 
lamp. 

In  a  short  time,  a  brisk  reaction  commences,  a  slight  explosion  generally 
taking  place  within  the  retort  from  the  heat  produced  inflaming  a  portion  of 
phosphorus,  and  also  from  the  disengagement  of  a  little  phosphuretted  hydro- 
gen.   Dense  vapours  are  at  the  same  time  disengaged,  and  the  hvdriodic  acid 


♦To  render  this  test  more  sure  Balard  recommends  the  following:  After  mixing  the 
liquid  containing  the  iodine  with  the  starch  and  the  sulphuric  acid,  a  small  quantity  of 
aqueous  solution  of  chlorine  is  to  be  added  which  from  its  lightness  may  be  made  not 
to  mix  with  the  mixture,  but  float  on  the  surface ;  at  the  place,  however,  where  they 
touch,  a  blue  zone  will  be  developed  where  the  two  solutions  are  in  contact,  but  if  the 
whole  be  mixed,  it  will  entirely  disappear,  if  the  chlorine  be  in  excess  —Ann.  dc  Chim. 
xxxviii.   See  Hayes  in  Amer.  Jour,  xxiii.  142. 
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fas  ronv  be  collected  by  displacement;  (Fig.  J 50)  after  these  hare  been  expel-   stc\  \r. 

led,  a  few  drops  of  water  should  bo  introduced  from  time  to  time,  by  a  email  * — - 

pipette,  as  phosphurel  of  iodine  is  sublimed  into  tne  neck,  of  tho  vessel  when 
the  materials  are  dry,  and  no  gas  is  produced.  Phospfiuretted  hydrogen  is  dia- 
engaged  in  considerable  quantity  towards  the  end  of  the  operation ;  when  it 
begins  to  come  it  is  recognised  by  the  acid  gas  with  which  it  is  mixed,  producing 
a  whiter  coloured  vapour  than  usual  with  the  air,  the  process  should  then  be 
•topped,  to  prevent  it  from  accumulating.  Fifty  or  an  hundred  grains  of  iodine, 
with  the  proper  quantity  of  phosphorus,  will  be  found  quite  sufficient,  using  a 
retort  capable  of  containing  about  5  or  6  ounces  of  water.  Constant  attention 
must  be  paid  to  this  operation  while  it  is  going  on.* 

684.  A  number  of  complicated  changes  take  place  during  the  Theory, 
reaction  of  the  different  substances  employed,  and  part  of  the  newly 
formed  products.    The  hydriodic  acid  gas  is  produced  by  the  iodine 
combining  with  the  hydrogen  of  a  portion  of  water  which  is  decom- 
posed, the  oxygen  uniting  with  the  phosphorus. 

685.  100  measures  of  hydriodic  acid  gas  contain  precisely  half  Equivalent 
their  volume  of  hydrogen.    Assuming  it  to  consist  of  equal  vol-  den»»- 
umes  of  hydrogen  gas  and  iodine  vapour  united  without  any  conden-  7' 
sation,  then,  since 

5o  cubic  inches  of  the  vapour  of  iodine  weigh  134.9319  grains. 

50       do.  hydrogen  gas   ...  1.0683  " 

100  cubic  inches  of  hydriodic  arid  ga9  should  weigh     136  0002 

These  numbers  are  obviously  in  the  ratio  of  1  to  126.3,  the  equi- 
valents of  iodine  and  hydrogen.  On  the  same  principles  the  density 
of  the  gas  should  be  4.3854,  which  is  probably  more  correct  than 
4.443,  a  number  found  experimentally  by  Gay-Lussac.t  Hence  100 
measures  of  hydriodic  acid  gas  contain  50  measures  of  hydrogen  gas 
and  50  of  the  vapour  of  iodine. 

When  hydriodic  acid  gas  is  conducted  into  water  till  that  liquid  is 
fully  charged  with  it,  a  colourless  acid  solution  is  obtained,  which 
emits  white  fumes  on  exposure  to  the  air,  and  has  a  density  of 
1.7.  T. 

6S6.  Hydriodic  acid  gas  has  a  sour  taste,  reddens  vegetable  blue  Properties, 
colours,  produces  dense  white  fumes  with  atmospheric  air,  and  re- 
sembles hydrochloric  acid  in  its  odour.  It  combines  with  alkalies  and 
forma  salts  called  hydrxodates.   It  is  rapidly  absorbed  by  water. 

Remove  a  tube  filled  with  the  gas,  having  closed  the  open  end  with  the  fin-  Exp. 
fer,  into  a  basin  of  water  and  remove  the  finger  under  the  water. 

687.  The  gas  is  decomposed  by  several  substances  which  have  a  Decompo- 
strong  affinity  for  either  of  its  element?.    Thus  oxygen  gas,  when 
heated  with  it  unites  with  its  hydrogen,  and  liberates  the  iodine. 
Chlorine  effects  the  decomposition  instantly. 

Fill  a  small  jar  half  full  of  hydriodic  acid  gas  over  the  mercurial  trough,  invert  gZp 
it  with  a  tray,  keeping  the  mouth  of  the  jar  upwards,  and  bring  cautiously  in  con- 
tact with  it  the  extremity  of  a  narrow  tube,  or  the  beak  of  a  small  retort,  from 
which  chlorine  is  slowly  escaping  ;  50  or  60  grs.  of  peioxide  of  manganese  may 
he  employed  with  a  proper  proportion  of  hydrochloric  acid,  and  a  retort  capable 
°f  holding  1  or  2  oz.  measures.  The  chlorine  combines  with  the  hydrogen  of  the 
hydrochloric  acid,  and  purple  vapours  of  iodine  appear  which  will  condense.  If 
■och  chlorine  be  brought  at  once  in  contact  with  the  acid  gas,  an  explosion  takea 
place: 

*  Reid,  Elem.  SOS.  t  An.  de  Ch.  xci.  16. 

tThe  chlorine  should  be  allowed  to  come  for  some  time  before  it  is  applied  to  the 
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Place  a  small  jar  filled  with  the  gas  • 
that  metal  and  the  hydrogen  be  left. 

Invert  a  jar  full  or  the  gas  with  an  earthen  dish,  and  pour  into  it  some 
fuming  nitric  and  nitrous  acids.    The  hydrogen  of  the  hydriodic  acid  will  coo> 
bine  with  the  oxygen  of  the  nitrous  acid  and  iodine  be  set  free.    The  mixture  of- 
*cld*         ten  inflames  even  when  no  more  than  two  or  three  cubic  inches  of  the  gai  vt 


its  solution  A  solution  of  this  gas  in  water  is  much  employed  as  a  test, 

used  as  a  and  may  be  made  by  decomposing  the  iodide  of  starch  suspended  in 
****  water,  by  a  stream  of  hydrosulphuric  acid.* 
Decompo-  689.  The  solution  of  hydriodic  acid  is  decomposed  by  mere  expo- 
sed, sure  to  the  air,  oxygen  unites  to  its  hydrogen,  and  the  iodine  is  set 
free.  Nitric  and  sulphuric  acids  also  decompose  it ;  and  chlorine 
unites  to  its  hydrogen  to  form  hydrochloric  acid. 

690.  Bichloride  of  platinum  is  a  most  delicate  test  of  hydriodic 
acid.  Pour  a  few  drops  into  a  glass  containing  an  ounce  or  two  of 
water,  add  a  single  drop  of  a  solution  of  the  bichloride  of  platinum, 
the  liquid  will  become  of  a  reddish  brown  colour,  and  a  dark  precipi- 
tate subside. 

Its  effect  upon  metallic  solutions  may  be  seen  as  follows :  Added 
to  solution  of  nitrate  of  silver,  it  affords  a  yellow  precipitate;  with 
bichloride  of  mercury,  a  yellow  and  finally  a  red  precipitate >  with 
acetate  of  lead,  a  yell  low. 

Oxide  of  Iodine  and  Iodous  Acid. 

691.  When  the  vapour  of  iodine  and  oxygen  gas  are  heated,  • 

yellow  matter  of  the  consistence  of  solid  oil  is  generated,  which  has 

been  regarded  as  an  oxide  of  iodine.  If  the  supply  of  oxygen  is  conti- 

Iodous  nued,  it  is  converted  into  a  yellow  liquid  supposed  to  be  iodous  acid.t 
acid. 

Iodic  Acid. 

Composition. 

Porm.  *Iod.  Oxy.  Equiv. 

1+50,  I,  OT  IO5  126.3  1  eq.  +  40       6  eq.    =  166.3 

lod    cid  ac'd  was  discovered  by  Gay-Lussac  and  Davy,   It  is 

lcacl  *  obtained  by  bringing  iodine  into  contact  with  the  euchloriDe  of 
Davy ;  the  chlorine  unites  with  one  portion  of  iodine,  and  the  oxygen 

.   ■  ■  -■  ■ 

hydriodic  acid  gas,  that  all  the  sir  may  be  expelled.  Three  or  four  cubic  inches  ol 
this  gas  are  quite  sufficient  for  this  experiment ;  the  operator  should  place  the  vessel 
from  which  the  chlorine  escapes  on  a  retort  stand  and  in  such  a  situation  that  any  ex- 
cess of  gas  may  be  carried  away  by  a  current  of  air. 

*  Jour.  Sci.  N.  S.  No.  viii. 

Sixty  grains  of  iodine  are  dissolved  in  3  ounces  of  alcohol  fkept  cold),  and  an  ounce 
of  starch  reduced  to  a  Tery  fine  powder  diffused  in  4  ounces  of  wa-  p  )WJ 
ler ;  on  adding  this,  drop  by  drop,  to  the  first  solution,  and  stirring 
it  constantly  at  the  same  lime,  iodide  of  starch  is  formed  ;  the  clear 
liquid  is  decanted  after  the  iodide  has  subsided.  A  little  water  is 
then  poured  on  it  to  remove  any  alcohol  that  may  be  still  mixed  with 
it,  and  after  this  has  been  removed,  the  iodide  is  diffused  through  an 
ounce  of  water,  and  a  stream  of  hydrosulphuric  acid  gas  from  400  or 
600  grs.  of  the  sulphuret  of  iron  passed  through  it  till  h  becomes 
white.  Filter  the  liquid  and  boil  for  a  short  time  to  expel  any  ex- 
cess of  hydrosulphuric  acid.  The  iodide  of  starch  may  be  put  into 
a  precipitate  glass,  when  it  is  diffused  through  water,  and  the  hy- 
drosulphuric acid  prepared  in  a  bottle  with  a  beat  tut*  fitted  to  it.   (Fig.  166.) 

t  Quart.  Jour,  of  Sci.  N.  S.  I . 
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with  another,  forming"  two  compounds,  a  volatile  orange  coloured   e%ct.  xr. 
matter,  chloride  of  iodine,  and  a  white  solid  substance  which  is  iodic  " 
acid.    On  applying  heat,  the  former  passes  off  in  vapour,  and  the 
latter  remains.* 

Another  process  is  by  boiling  iodine  in  pure  nitric  acid  of  density  1 .5 ;  the  acid, 
with  about  one  fifth  of  its  weight  of  iodine,  is  placed  in  a  tube  sealed  at  one  end, 
about  an  inch  wide  and  fifteen  inches  long.  The  boiling  should  be  continued  at 
least  twelve  hours.  As  the  iodine  rises  and  condenses  on  the  sides  of  the  tube,  it 
should  be  restored  to  the  liquid,  either  by  agitation  or  by  help  of  a  glass  rod.  As 
soon  as  the  iodine  disappears,  the  nitric  acid  is  dissipated  by  cautious  evapora- 
tion.t 

It  is  also  obtained  by  the  oxidizing  effect  of  hypochlorous  acid  on 
iodine,  and  by  several  other  processes.* 

693.  It  is  a  white,  semitransparent  solid,  having  a  very  acid  as- 
tringent taste.  It  acts  powerfully  on  inflammable  substances,  and 
enters  into  combination  with  metallic  oxides,  forming  iodates.  These 
compounds,  like  the  chlorates,  yield  pure  oxygen  by  heat. 

694.  It  forms  salts  with  the  alkalies  which  are  soluble  in  water. 

It  is  readily  detected,  being  deoxidized  by  sulphurous,  phospho- 
rous, hydriodic  and  hydrosulphuric  acids,  iodine  being  set  at  liberty, 
which  may  be  detected  by  starch. 

695.  When  decomposed  by  heat  it  is  resolved  into  oxygen  gas  Decompo- 
and  pure  iodine ;  and  it  was  therefore  termed  by  Davy  oxyiodinel  »tion. 
and  by  Gay-Lussac  acide  iodiquc  anhydrt§ 

Teriodide  of  Nitrogen. 
Composition. 

fbrm.  Iodine.         Nit.  Equui, 

N-I-3I,  orNP        373.9    3  eq.  +  14.15    1  eq,    ;=  393.05 

696.  From  the  weak  affinity  that  exists  between  iodine  and  nitro- 
gen, these  substances  cannot  be  made  to  unite  directly.  But  when 
iodine  is  put  into  a  solution  of  ammonia,  the  alkali  is  decomposed  ; 
its  elements  unite  with  different  portions  of  iodine,  and  thus  cause 
the  formation  of  hydriodic  acid  and  iodide  of  nitrogen. 

It  may  be  procured  by  pouring  a  solution  of  ammonia  upon  a  very  Process, 
small  quantity  of  iodine.  Hydriodic  acid  is  one  product,  and  the 
other  a  brown  powder,  which  detonates  upon  the  slightest  touch,  and 
is  resolved  into  nitrogen  and  iodine.  It  maybe  collected  by  pouring 
off  the  liquid,  and  placing  it,  while  moist,  in  small  parcels  upon  bibu- 
lous paper,  where  it  must  be  suffered  to  dry  spontaneously. 

If  we  collect  the  powder  on  two  or  more  separate  pieces  of  paper,  and  place  g 
them  at  several  inches  apart,  the  explosion  of  any  one  of  them  will,  sometimes,  p* 
cause  that  of  the  others. 

*  Phil.  Trans.  1815.        t  Connsll  in  Edin.  Phil.  Jour.  1831 ,  72,  and  1832,  337. 
t  For  which  see  Turner,  232. 

4  Periodic  Acid,  fbrm.  1+70,  I  or  IO7,  is  analogous  in  composition  to  per- 
chloric acid,  and  has  decided  acid  properties.    For  process  see  Turner  232. 

Chlorides  of  Iodine.  Chlorine  is  absorbed  at  common  temperatures  by  dry  ?h'«We  on*, 
iodine  with  evolution  of  heat,  and  a  solid  compound  of  iodine  and  chlorine  results, 
was  discovered  both  by  Davy  and  Gay-Lussac.  The  colour  of  the  product  is 
-yellow  when  the  iodine  is  fully  saturated  with  chlorine,  but  is  of  a  reddish- 
lf  iodine  is  in  excess.  Its  solution  is  colourless,  very  sour  to  the  taste,  and 
s  vegetable  blue  colours,  but  afterwards  destroys  them.  From  its  acid 
properties  Davy  gave  it  the  name  of  chloriodic  acid.  Souberain  has  lately  distin- 
guished a  compound  of  3  eq.  of  chlorine  and  1  of  iodine.* 

•  Jswr.  de  Plurr.  Feb.  1837. 
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cfa»P-  Uh     When  left  exposed  it  gradually  evaporates.    It  often  explodes 
"  spontaneously.    When  it  detonates,  the  purple  fumes  of  iodine  are 
perceptible. 

697.  Iodides  of  phosphorus.    Iodine  and  phosphorus  combine  on 

being  brought  in  contact,  and  so  much  heat  is  evolved  that  part  of 

the  phosphorus  is  inflamed  if  the  uir  be  not  excluded. 

E,p.  A  small  piece  of  phosphorus  may  be  placed  in  a  wine  gjass  and  iodine  let  ftll 

upon  it  from  a  card  or  broad  knife,  combustion  ensues  and  iodine  vapour  e*~» 

Iodine  and  phosphorus  can  combine  in  various  proportions.* 


Section  XII.  Bromvne. 

Symb.  Sp.  Or.  Chem. 

Br  6.4017  Air     =  1  By  Vol.  100 

78.40     Hyd.  =  1  *«  Wght.  78.4 

698.  In  1S26  Balardt  of  Montpellier  discovered  in  sea  water  a 
new  substance  to  which  he  gave  the  name  muride  ;  but  it  has  since 
been  changed  to  Bromine,  a  word  derived  from  the  Greek  frojwoc 
(graveolentia)  signifying  a  strong  or  rank  odour. 

699.  Bromine  exists  in  sea  water  in  the  form  of  bromide  of 
sodium  or  magnesium.  It  may  apparently  be  regarded  as  an  essen- 
tial ingredient  of  the  saline  matter  of  the  ocean.  It  has  also  been 
found  in  the  waters  of  the  Dead  Sea,  and  in  a  variety  of  salt  springs. 
It  is  present,  however,  in  very  small  quantity  ;t  and  even  the  un- 
crystallizable  residue  called  bittern,  left  after  the  salt  has  been  sepa- 
rated from  sea  water  by  evaporation,  contains  but  little  of  it.$ 
Daubeny  has  detected  it  in  several  mineral  waters,  and  Balard  in 
marine  plants  on  the  shores  of  the  Mediterranean,  in  the  ashes  of 
sea  weeds,  and  of  some  animals,  as  the  Ianthina  violacea. 

Process  for     700.  It  is  obtained  by  passing  a  stream  of  chlorine  through  the 
oj^jnf    bittern,  and  exposing  it  afterwards  to  heat ;  the  bromine  distils  over 
and  may  be  collected  in  a  receiver.    A  few  ounces  of  concentrated 
bittern  are  sufficient  to  show  this  process.    In  preparing  the  liquid, 

*  Iodide  of  Sulphur  is  prepared  with  4  parts  of  iodine  and  I  of  sulphur  heated 
gently. 

Periodide  of  Carbon  is  formed  when  a  solution  of  pure  potassa  in  alcohol  is 
mixed  with  an  alcoholic  solution  of  iodine,  a  portion  of  the  alcohol  is  decomposed  ;  its 
hydrogen  and  carton  uniting  separately  with  iodine,  give  rise  to  periodide  of  carbon, 
and  hydriodic  acid.  By  distilling  a  mixture  of  the  preceding  with  corrosive  sublimate, 
the  protiodide  is  formed. 

t  The  original  essay  of  Balard  was  published  in  the  Ann.  dt  Chim.  ei  de  Phys. 
Aug.  1826,  and  an  abstract  of  it  in  the  Kdin.  Jour,  of  Set. 

t  One  hundred  pounds  of  sea  water  yield  but  3.278  grains  of  bromine.  Quart. 
Jour.  1827. 

S  I  have  obtained  it  from  the  bittern  of  the  salt  works  in  the  vicinity  of  Boston  ( W.), 
and  Hayes  has  found  it  in  the  waters  of  Saratoga.  Atner.  Jour,  xviii.  142. 
B>ret'  mtihod  Hayes  recommends  the  following  as  a  method  of  detecting  the  presence  of  extremely 
-  taetinf  minute  quantities  of  bromine  and  iodine.  Mix  a  few  drops  of  pure  water  in  s  conical 
glass,  with  a  drop  of  sulphuric  acid,  and  half  a  volume  of  a  cold  solution  of  starch : 
pass  a  few  bubbles  of  chlorine  through  the  mixture,  which  is  then  left  at  rest,  that  the 
diffused  starch  may  nnite  at  bottom.  A  glass  rod,  dipped  in  the  fluid  supposed  to 
contain  bromine,  is  then  applied  to  the  surface  of  the  fluid  in  the  glass ;  orange- 
coloured,  dense  striae  descend  from  the  rod,  and  rest  for  some  time  on  the  starch  if 
bromine  alone  is  present.  If  the  solution  contains  iodine  also,  the  appearance  is  the 
same,  but  the  *tnsB  are  deep  blue :  in  a  few  seconds  the  blue  disappears,  and  the  cha- 
racteristic orange  yellow  of  the  solution  of  bromine  remains,  Amer.  Jour,  xviii.  142. 
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the  chlorine  must  be  transmitted  through  it  till  the  orange  colour  ««ct  *n. 
which  it  acquires  ceases  to  become  deeper.    The  chlorine  which  is 
procured  from  290  or  300  grains  of  peroxide  of  manganese  will  be 
quite  sufficient  for  passing  through  five  or  six  ounces  of  bittern. 

701.  Bittern  consists  principally  of  sulphates  and  hydrochlorates 
of  soda  and  magnesia,  with  a  small  quantity  of  the  hydrobromate  of 
magnesia,  the  hydrobromic  acid  of  which  is  composed  of  hydrogen 
and  bromine.  The  chlorine  combines  with  the  hydrogen  and  disen- 
gages the  bromine,  which  imparts  a  yellow  colour  to  the  liquid.  The 
vapour  of  the  bromine  has  a  deep  reddish  brown  colour  and  con- 
into  a  very  dark  coloured  liquid. 


There  are  other  processes.    A  current  of  chlorine  may  be  trans-  Other 

ith  su 


milted  through  the  bittern,  and  it  may  then  be  shaken  with  sulphuric 
ether,  which  will  dissolve  the  bromine,  and  acquire  a  hyacinth  red 
tint.  When  the  ethereal  solution  is  agitated  with  caustic  potassa, 
its  colour  entirely  disappears,  owing  to  the  formation  of  bromide  of 
potassium  and  bromate  of  potassa,  the  former  of  which  is  obtained  in 
cubic  crystals  by  evaporation.  The  bromine  may  be  set  free  by 
means  of  chlorine,  or  still  better  by  sulphuric  acid  and  peroxide  of 
manganese  in  a  glass  retort  dipping  into  cold  water. 

702.  Bromine  is  liquid  at  common  temperatures  with  a  deep  hya-  Properties, 
eiothine  red  colour.    It  volatilizes  readily  and  its  vapour  is  highly 
coloured,  having  a  density  of  5-54,*  100  cubic  inches  at  60°  should 

weigh  167.5158  grs.  Its  sp.  gr.  is  about  3.  At  116.5°  it  boils,  and  Specific 
is  frozen  and  brittle  at  — 4°.  It  communicates  a  yellow  stain  to  the  gr»vity. 
skin  and  acts  powerfully  upon  organic  bodies.  It  is  highly  fatal 
to  animal  life  ;  a  bird  is  killed  by  a  single  drop  placed  on  its  beak. 
Bromine  has  not  been  decomposed  ;  it  is  an  imperfect  conductor  of 
electricity,  and  a  negative  electric.  It  is  soluble  in  water,  alcohol  and 
ether,  and  has  the  property  of  bleaching. 

703.  The  vapour  of  bromine  extinguishes  a  lighted  taper,  which, 

at  first,  burns  with  a  flame  green  at  its  base,  and  red  at  its  upper  Action  on 
part    Some  inflammables  take  fire  by  contact  with  it.    Thus  oombusti- 
tou'mony  and  tin  burn  in  it,  and  the  combustion  of  potass i - ble*' 
urn  is  attended  with  intense  heat  and  a  vivid  flash,  and  the  vessel  in  ^Jdmet" 
which  the  experiment  is  made  is  often  broken.    Its  affinity  for  metal- 
lic oxides  is  feeble. 

704.  Bromine  is  analogous  to  chlorine  and  iodine  in  its  chemical  Analogous 
relations,  and  suffers  the  same  kind  of  change  as  those  bodies  simi-  J  chlorine 
Urly  treated.    Its  presence  is  in  general  easily  detected  by  chlorine  . 

and  the  colour  of  its  vapour,  or  of  its  solution  in  ether, 

HydTobrornic  Acid. 

Composition. 

fVm.  Sp.  Gr.  Brom.  Hyd.     Equio.  Eaj.VoI. 

H+Rr.,  or  HBr.      2.7353  Air     =?  I      78.4  +  1   =   79-4  200 
39.70    Hyd.  =  1 

705.  This  acid  is  formed  when  a  lighted  candle  or  piece  of  red-hot  wh« 
iron  is  introduced  into  a  mixture  of  the  vapour  of  bromine  and  hy-  " 
4rogen  gas ;  and  by  the  action  of  bromine  on  some  of  the  gaseous 
compounds  ef  hydrogen 
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HI.      It  may  be  conveniently  made  for  experimental  purposes  by  a  process  similar  to 
"  that  for  forming  hydriodic  acid.    A  mixture  of  bromine  and  pbonphorus  slightly 
moistened,  yields,  by  the  aid  of  gentle  heat,  a  large  quantity  of  pure  hydrobromic 
acid  gas,  which  should  be  collected  either  in  dry  glass  bottles,  or  over  mercury. 


706.  It  is  a  pungent,  colourless,  acid  gas,  undergoing  no  decompo- 
sition when  transmitted  through  a  red-hot  tube,  either  alone  or  mixed 
with  oxygen,  but  is  decomposed  instantly  by  chlorine.  It  may  be 
preserved  without  change  over  mercury;  but  potassium  and  tin  de- 
compose it  with  facility. 
Solution.  707.  It  is  very  soluble  in  water,  and  the  solution  may  be  made  bv 
treating  bromine  with  hydrosulphuric  acid  dissolved  in  water,  or  still 
better  by  transmitting  a  current  of  hydrobromic  acid  gas  into  pure 
water.  The  liquid  becomes  hot  during  the  condensation.  This  acid 
solution  is  colourless  when  pure,  but  possesses  the  property  of  dis- 
solving a  large  quantity  of  bromine,  and  then  receives  the  tint  of  that 
substance. 

Chlorine  decomposes  the  solution  of  hydrobromic  acid.  Nitric  acid 
acts  upon  it  less  suddenly,  disengaging  bromine.  Nitro-hydrobromic 
acid  is  analogous  to  aqua  regia,  and  possesses  the  property  of  dis- 
solving gold. 

Weight        708.  Hydrobromic  is  analogous  to  hydriodic  and  hydrochloric  acid 
l«nt"*UITt  &asesi  i°  containing  equal  measures  of  bromine  vapour  and  hydro- 
gen gas  united  without  any  change  of  volume  ;  and  since 

Grt. 

50  cubic  inches  of  bromine  vapour  weigh     .  .  63.7579 

50      do.  hydrogen  gas  ....  1.0683 


100      do.  hydrobromic  arid  must  weigh  . 

These  numbers  are  in  the  ratio  of  1  to  78.4,  which  is  the  composi- 
tion of  the  gas  by  -weight.  T.  The  salts  of  hydrobromic  acid  are 
termed  hydrobromates. 

Bromic  Acid. 

Composition. 

Symb.  Brom.       Ory.  Equiv. 

Br+60,  Br,  or  BrO5.  78.4    1  eq.  4- 40   6eq.  =  118.4 

Bromic  709.  Bromic  Acid  is  formed  by  the  action  of  bromine  on  potassa, 
when  a  change  exactly  similar  to  that  produced  by  chlorine  (page  656) 
ensues,  whereby  bromide  of  potassium  and  bromate  of  potassa  are 
generated  ;  and  the  latter,  being  much  less  soluble  than  the  former, 
.  is  readily  separated  by  evaporation.  The  bromate  of  the  other  alka- 
lies and  alkaline  earths  may  be  prepared  in  a  similar  manner. 

710.  Bromic  acid  may  be  procured  by  decomposing  a  dilute  solu- 
or'  tion  of  bromate  of  baryta  with  sulphuric  acid,  so  as  to  precipitate  the 
whole  of  the  baryta.  The  solution  of  bromic  acid  may  be  concentrated 
by  slow  evaporation  until  it  acquires  the  consistence  of  syrup. 

Bromic  acid  has  scarcely  any  odour,  but  its  taste  is  very  acid, 
though  not  at  all  corrosive,  it  reddens  litmus  paper  powerfully  at 
first,  and  soon  after  destroys  its  colour.  It  is  similar  in  constitution 
to  iodic,  chloric  and  nitric  acids.* 

*  Chloride  of  Bromine.— This  compound  may  be  formed  at  common  tempera- 
res  by  transmitting  a  current  of  chlorine  through  bromine,  and  condensing  the  disen- 


Digitized  by  Google 


I 


Hydrofluoric  Acid.  205 

Section  XIII.  Fluorine.   

Symb.  F.      Equiv.  18.63  Eq.  Vol.  100 

711.  The  mineral  known  as  Derbyshire  spar  from  the  place  where  Fiuorine 
it  occurs  in  great  abundance,  was  considered  to  be  a  compound  of  a 
peculiar  acid  and  lime,  and  the  former  was  called  fluoric  acid.  It  was 
suggested  by  Ampere  that  this  mineral  is  a  compound  of  fluorine 

and  calcium,  and  this  was  supported  experimentally  by  Davy.  The 
supposed  base  of  the  acid  was  named  fluorine,  but  was  not  obtained 
in  an  insulated  form  until  recently,  and  its  properties  are  but  imper- 
fectly known. 

712.  Fluorine  was  first  procured  by  Baudrimont  by  passing  fluo-  How  ob- 
ride  of  boron  over  minium  (red  oxide  of  lead),  heated  to  redness,  tained. 
■nd  receiving  the  gas  in  a  dry  vessel.    As  it  is  mixed  with  much 
oxygen,  his  present  method  is,  to  treat  a  mixture  of  fluoride  of  cal- 
cium and  peroxide  of  manganese  with  strong  sulphuric  acid.  This 
process,  however,  does  not  afford  it  pure,  hydrofluoric  and  fluosilicic 

acid  gases  being  at  the  same  time  evolved.  The  presence  of  the 
latter  does  not  prevent  the  observation  of  some  of  the  properties  of 
fluorine. 

713.  It  appears  to  be  a  gaseous  body,  resembling  chlorine  and  Properties, 
burnt  sugar  in  odour,  and  possessed  of  bleaching  properties.    It  does 

not  act  on  glass.    It  is  a  negative  electric,  and  has  a  powerful  affi- 
nity for  hydrogen  and  metallic  substances. 

Hydrofluoric  Acid. 

Composition- 

Form.  Sp.  Gr.      Flu.  Hyd.  Equiv. 

H+F\orHF.      1.0609      18.66  1  eq.  +  1  1  eq.   =  19.68 

714.  Hydrofluoric  acid  was  first  obtained  pure  by  Gay-Lussac  Hydroftoo 
and  Thenard  in  1810.  nc  acid, 

715.  It  is  prepared  by  acting  on  fluor  spar  {fluoride  of  calcium) , 

by  sulphuric  acid. 

The  spar,  carefully  separated  from  siliceoui  earth  and  reduced  to  fine  powder, 
is  put  into  a  leaden  or  silver  retort  with  twice  its  weight  of  sulphuric  acid  ; 
tbe  materials  are  mixed  together  with  an  iron  rod,  and  on  applying  a  moderate 
heat  by  a  chauffer,  the  hydrofluoric  acid  is  disengaged  :  a  receiver  of  the  same 
metal  must  be  used  to  condense  it.  An  arrangement  like  that  on  the  following 
page  will  be  found  convenient.* 

n»vd  Ta pours  by  means  of  a  freezing  mixture.  Tbe  resulting  chloride  is  a  volatile 
laid  of  a  reddish  yellow  colour. 

Bromide  of  Iodine —These  substances  act  readily  on  each  other,  and  appear  capa- 
ble of  uniting  in  two  proportions. 

Bromide  of  Sulphur. — On  pouring  bromine  on  sublimed  sulphur,  combination  en- 
toes,  sod  a  fluid  of  an  oilv  appparance  and  reddish  tint  is  generated.  Bromide  of 
lulphur  is  decomposed  by  chlorine,  which  unites  with  sulphur  and  displaces  bromine. 

Bromide*  of  F^hotphorus. — When  bromine  and  phosphorus  are  brought  into  contact 
iq  a  flask  filled  with  carbonic  acid  gas,  they  act  suddenly  on  each  other  with  evolution 
of  beat  and  light,  and  two  compounds  arc  generated.  The  protobromide  retains  its 
bquid  form  even  at  62°  F. 

Bromide  of  Carbon  is  formed  by  the  action  of  bromine  on  half  its  weight  of  pcr- 
kxiide  of  carbon,  when  bromide  of  carbon  and  a  subbromide  of  iodine  are  formed,  the 
Utter  of  which  is  removed  by  a  solution  of  caustic  potassa.  At  common  temperatures  it 
U  liquid,  but  crystallizes  at  32°  F.  Its  taste  is  sweet,  and  it  has  a  penetrating  ethe- 
real odour. 

*  It  is  composed  of  a  deep  leaden  cup,  (Fig.  167,)  with  a  rim  of  lead  soldered  round  i tnr 
the  top,  a  small  space  being  left  between  it  and  the  upper  part  of  the  cup  for  fixing  b#.?^d. 
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Fluorine  and  Hydrogen 


Chap-  *rc»  716.  As  the  materials  swell  up  considerably  during  the  process, 
Theory.  the  retort  should  be  capacious.  At  the  close  of  the  operation,  pure 
hydrofluoric  acid  is  found  in  the  receiver,  and  the  retort  contains  dry 
sulphate  of  lime.  The  chemical  changes  are  the  same  as  in  the 
formation  of  hydrochloric  acid  gas  (629),  fluorine  being  substituted 
for  chlorine,  and  calcium  for  sodium.  If  the  sulphuric  acid  is  of 
sufficient  strength,  all  its  water  is  decomposed,  and  the  resulting 
hydrofluoric  acid  is  anhydrous. 
Properties.  717.  This  acid  at  32°  is  a  colourless  liquid,  and  remains  such  at 
59°  if  preserved  in  well  stopped  bottles,*  but  when  exposed  to  the 
air,  it  flies  orT  in  dense  white  fumes.  It  has  a  very  pungent  smell, 
and  is  extremely  destructive  ;  if  applied  to  the  skin  it  instantly  kills 
the  part,  producing  extreme  pain  and  extensive  ulceration.  The 
operator  should  carefully  avoid  the  fumes,  and  the  apparatus  or  ves- 
sels containing  the  acid,  should  be  so  placed  that  they  may  be  car- 
ried from  him. 

Action  on  It  acts  powerfully  on  glass,  destroying  its  transparency,  in  conse- 
&laM-       quence  of  attacking  its  silica  and  forming  with  it  a  compound  known 

as  jiuosilicic  acid  gas,  hence  it  cannot  be  kept  in  glass  vessels  unless 

protected  by  wax. 

Uses.  718.  From  its  affinity  for  silica,  it  is  employed  for  etching  on 

glass,  and  for  this  purpose  should  be  diluted  with  three  or  four  parts 

of  water.    The  glass  should  be  covered  with  a  varnish,  prepared  by 

melting  together  bees-wax  and  turpentine,  and  surrounded  at  the 

edge  by  a  rim  of  the  same.    The  varnish  is  then  to  be  removed 

wherever  it  is  desired  to  have  the  acid  aci  upon  the  glass,  as  in  the 

process  for  etching  on  copper. 

Exp.  On  a  small  scale  the  experiment  may  be  made  by  placing  a  small  quantity  of 

the  powdered  fluor  spar  in  a  platinum,  silver,  or  leaden  cup  or  crucible,  support- 
ed over  a  lamp  ,  covering  the  vessel  with  a  piece  of  glass,  coated  by  rubbing  over 
it,  previously  warmed,  a  piece  of  wax,  lines  being  traced  through  the  coating  so 
as  to  expose  the  glass.  Or  the  cup  may  be  held  over  the  firet  till  the  vapour  be- 
gins to  escape,  the  glass  is  then  applied  and  the  whole  covered  with  a  wooden  or 
pasteboard  box.? 

Acid  pro-      719.  Hydrofluoric  acid  has  all  the  characters  of  a  powerful  acid. 


in  the  head  of  the  apparatus  when  the  materials  Fig.  167. 

have  been  put  in.  The  easiest  method  of  proceed- 
ing is  to  fill  this  intervening  space  with  moist 
plaster-of-paris,  and  put  in  the  cover  when  it  be- 
gins to  set,  taking  care  to  have  the  lube  and  the 
bottle  receiver,  which  are  used  along  with  it, 
properly  adjusted  at  the  same  time,  that  it  may 
not  be  necessary  to  shift  it  afterwards.  The  re- 
ceiver is  placed  in  a  jar  or  basin,  and  surrounded 
by  ice.  Tbe  heat  should  be  cautiously  applied  ; 
so  as  not  to  melt  the  leaden  cup ;  tbe  student 
should  examine  it  occasionally  with  an  iron  rod, 
and  withdraw  the  chauffer  if  it  begins  to  soften 
or  yield  more  than  usual  to  the  iron.  The  body 
of  the  retort  may  be  rather  more  than  two  inches 
in  diameter,  and  between  seven  and  eight  inches 
long ;  it  is  supported  by  an  iron  ring  resting  on  three  rods  of  iron,  and  bound  together 
at  bottom  by  a  plate  of  sheet  iron,  on  which  the  chauffer  is  placed.  Two  to  four 
ounces  of  fluor  spar  may  l>e  used  in  it  at  a  time,  or  even  more  if  required.  A  more  ex- 
pensive apparatus  is  described  in  Amcr.  Jour.  vol.  vi.  355. 

*  Which  should  be  lined  with  wax.  t  With  tongs,  not  by  the  hand. 

t  A  little  sand  poured  round  the  box  where  it  rests  on  a  table  will  prevent  tbe  va- 
pours from  annoying  the  operator. 
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It  has  a  strong,  sour  taste,  reddens  litmus  paper,  and  neutralizes  al-  s«ci  xm. 
kalies,  either  forming  salts  termed  hydrqfluates,  or  most  generally 
giving  rise  to  metallic  fluorides.    All  these  compounds  are  decom- 
posed by  strong  sulphuric  acid  with  the  aid  of  heat,  and  the  hydro- 
fluoric acid  while  escaping  may  be  detected  by  its  action  on  glass. 

720.  Hydrofluoric  acid  acts  violently  on  some  of  the  metals,  espe-  Action  on 
cially  on  the  bases  of  the  alkalies.    It  is  a  solvent  for  some  elemen-  melas»  c< 
tary  principles  which  resist  the  action  even  of  nitro-hydrochloric  acid, 

with  evolution  of  hydrogen  gas  ;  and  when  mixed  with  nitric  acid,  it 
proves  a  solvent  for  silicon  which  has  been  condensed  by  heat,  and 
for  titanium.  Nitro-hydrofluoric  acid,  however,  is  incapable  of  dis- 
solving gold  and  platinum. 

Fluoboric  Acid, 
Composition. 

Form.  Flu.  Bar.  Equiv. 

B+3F,  or  BF».         66.04    3  eq.    +    10.9    I  eq.   m  66.94 

721.  This  gas  was  procured  by  Gay-Lussac  and  Thenard  from  a 
mixture  of  vitrified  boracic  acid  and  fluor  spar,  exposed  to  heat  in  a 
leaden  retort.  It  was  procured  by  Dr  Davy  by  mixing  intimately  one  Process, 
part  of  fused  boracic  acid  with  twice  its  weight  of  fluor  spar,  both  in 

fine  powder,  and  twelve  parts  of  sulphuric  acid  in  a  glass  flask,* 
beating  the  mixture  by  a  lamp.  Half  an  ounce  or  an  ounce  and  a 
half  of  the  fused  boracic  acid,  with  the  corresponding  quantity  of 
spar  and  acid  affords  a  considerable  quantity  of  the  compound. 
Strong  sulphuric  acid  should  be  employed.  The  gas  thus  ob- 
tained contains  a  considerable  quantity  of  fluosiiicic  acid. 

722.  In  the  decomposition  of  fluor  spar  by  vitrified  boracic  acid,  Theory, 
the  former  and  part  of  the  latter  undergo  an  interchange  of  elements. 

The  fluorine  uniting  with  boron  gives  rise  to  fluoboric  acid  gas  ;  and 
by  the  union  of  calcium  and  oxygen,  lime  is  generated,  which  com- 
bines with  boracic  acid,  and  is  left  in  the  retort  as  borate  ot  lime. 

723.  Fluoboric  acid  gas  is  colourless,  has  a  penetrating  pungent  Properties, 
odour,  and  extinguishes  flame  on  the  instant.    It  reddens  litmus 

piper  as  powerfully  as  sulphuric  acid,  and  forms  salts  with  alkalies 
which  are  called  Jluoborates.  It  has  a  singularly  great  affinity  for 
water.  When  mixed  with  air  or  any  gas  which  contains  watery  va- 
pour, a  dense  white  cloud,  a  combination  of  water  and  fluoboric  acid, 
appears,  thus  affording  an  extremely  delicate  test  of  the  presence  of 
moisture  in  gases.  Water  acts  powerfully  on  this  gas,  absorbing 
700  times  its  volume,  increasing  in  temperature  and  volume.  The 
solution  is  limpid,  fuming,  and  very  caustic. 

Fluoboric  acid  gas  does  not  act  on  glass,  but  attacks  animal  and 
vegetable  matters  with  energy,  converting  them,  like  sulphuric  acid, 
into  a  carbonaceous  substance. 


*PhU.  Tram.  1812. 
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Composition. 


Fbrm. 
Si+3l>\  or  SiP». 


Sp.  Gr. 

3.6111 


EqvdT. 
78.54 


Flu.  Si. 
56.04    3  eq.  +22.5     1  eq. 

724.  Is  prepared  by  mixing  one  part  of  pounded  glass  with  an 
equal  weight  of  fluor  spar  and  two  parts  of  sulphuric  acid.  On  ap- 
plying a  gentle  heat  fluosilicic  acid  gas  is  disengaged  with  efferves- 
cence, and  may  be  collected  over  mercury. 

725.  The  chemical  changes  are  differently  explained.  Regarding 
fluor  spar  as  a  compound  of  fluoric  acid  and  lime,  the  former  is 
thought  to  unite  with  silicic  acid.  If  fluor  spar  is  regarded  as  a  com- 
pound of  fluorine  and  calcium,  it  is  inferred  that,  by  the  action  of 
sulphuric  acid  on  fluoride  of  calcium,  hydrofluoric  acid  is  generated, 
ana  that  the  elements  of  this  acid  react  on  those  of  silicic  acid,  and 
give  rise  to  water  and  fluosilicic  acid  gas  :  the  gas  is  therefore  a  flu- 
oride of  silicon. 

726.  It  is  a  colourless  gas,  extinguishing  flame,  powerfully  irritat- 
ing, and  does  not  corrode  dry  glass.  Mixed  with  atmospheric  air  it 
forms  a  white  cloud,  with  its  watery  vapour.    T.  244. 

727.  A  singular  appearance  is  presented  when  the  beak  of  a  re- 
tort, from  which  this  gas  is  escaping,  dips  into  water.  Each  globule 
of  the  gas,  as  it  comes  in  contact  with  the  water,  assumes  the  ap- 
pearance of  a  vesicle,  a  coating  of  silica  being  deposited  on  the 
external  surface  of  the  globule.  Small  tubes  appear  also  at  the 
beak  of  the  retort,  which  is  eventually  plugged  up,  so  that  it  is  ne- 
cessary at  last  to  remove  the  retort  altogether  till  they  are  taken 
away. 


COMPOUNDS 


OF    SIMPLE    NON-METALLIC    ACIDIFIABLE  COM- 
BUSTIBLES WITH  EACH  OTHER. 


Section  XIV.    Hydrogen  and  Nitrogen — Ammoniacal  Gas. 


0i  em.  Ecpdv. 
By  W*ht.i7.i5 
Vol.  200 


Composition. 

Srnnb.         Sp.  Gr.  Hyd.  Nit. 

N-f3H,  or  NH3    0.6897  Air  =1  3.2050  3  eq.+l5.0325  14.15  Icq. 
8  75  Hyd.=l 

728.  This  gas  was  first  noticed  by  Priestley,  under  the  name  of 
alkaline  air  ;  it  is  also  known  as  the  volatile  alkali ,  but  more  usually 
by  the  name  ammoniacal  gas  or  ammonia. 

729.  Ammoniacal  gas  is  obtained  from  any  salt  of       Fif-  m* 
ammonia,  by  the  action  of  a  pure  alkali  or  alkaline 
earth  :  but  hydrochlorate  of  ammonia  and  lime  are 
generally  employed. 

Equal  parts  of  dry  slaked  lime,  each  separately  powdered, 
are  put  into  a  small  glass  retort  or  gas  bottle,  and  upon  the  ap- 
plication of  gentle  heat  the  ammoniacal  gas  is  evolved,  and  is 
to  be  received  over  mercury. 

Persons  not  having  a  mercurial  apparatus  may  receive  this 
gas  in  a  glass  jar  inverted  over  a  tube  bent  as  in  Fig.  168.  As 
the  gas  is  evolved  from  the  materials  contained  in  the  gas-bottle, 
it  rises  into  the  jar  and  displaces  the  atmospheric  air.  When 
the  jar  is  filled  with  ammonia  (which  will  be  known  by  its 
■  it  escapes  from  the  neck  of  the  jar)  the  tube 
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may  be  carefully  withdrawn,  and  a  well  ground  stopper  be  inserted  into  the  neck  Sect.  XIV. 
of  the  jar.   

The  gas  may  also  be  obtained  by  heating  common  liquid  ammo- 
nia (aqua  ammonia)  in  the  same  apparatus. 

730.  Ammonia  is  colourless,  has  a  strong  pungent  odour,  and  acts 
powerfully  on  the  eyes  and  no3e.  It  is  quite  irrespirable  in  its  pure 
form,  but  when  diluted  with  air,  it  may  be  taken  into  the  lungs  with 
safety.  Burning  bodies  are  extinguished  by  it,  nor  is  the  gas  in- 
flamed by  their  approach.  Ammonia,  however,  is  inflammable  in  a 
low  degree;  for  when  a  lighted  candle  is  immersed  in  it,  the  flame 
is  somewhat  enlarged,  and  tinged  of  a  pale  yellow  colour  at  the  mo- 
ment of  being  extinguished  ;  and  a  small  jet  of  the  gas  will  burn  in 
an  atmosphere  of  oxygen.  A  mixture  of  ammoniacal  and  oxygen 
gases  detonates  by  the  electric  spark ;  water  being  formed,  and  ni- 
trogen set  free. 

731.  When  an  electric  current  is  passed  through  a  weak  solution  Action  of 
of  ammonia,  it  is  decomposed  by  the  secondary  action,  hydrogen  e'ectr*city* 
from  decomposed  water  being  evolved  at  the  negative  electrode,  and 
nitrogen  at  the  positive.*    But  if  a  portion  of  mercury  form  the  ne- 
gative electrode,  no  hydrogen  is  evolved,  and  the  mercury  is  rapidly 
converted  into  a  light  porous  substance,  which  has  the  lustre  and  all 

the  characters  of  an  amalgam.  As  soon  as  it  is  removed  from  the 
influence  of  the  electric  current,  rapid  decomposition  ensues,  mercury 
is  reproduced,  and  hydrogen  and  ammoniacal  gases  are  evolved  in 
the  ratio  of  one  measure  of  the  former  to  two  of  the  latter,  according 
to  the  observations  of  Gay-Lussac  and  Thenard.  The  production  of 
this  compound  is  explained  by  fierzelius  on  the  supposition  that  am- 
monia, by  uniting  with  an  additional  eq.  of  hydrogen,  forms  a  com- 
pound, which  has  all  the  properties  of  a  metal ;  he,  therefore,  calls 
[{ammonium.  The  oxide  of  ammonium,  the  composition  of  which 
is  represented  by  the  formula  NH'-f-O,  he  considers  to  be  the  base 
of  the  ammoniacal  salts.    T.  246. 

732.  Ammonjjpd  gas  at  the  temperature  of  50°  and  under  a 
pressure  equal  to  6.5  atmospheres,  becomes  a  transparent  colourless 
liquid. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very  marked  Alkaline, 
manner.    Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  tur- 
meric paper  ;  though  the  yellow  colour  soon  reappears  on  exposure 
to  the  air,  owing  to  the  volatility  of  the  alkali.    It  combines  also  with 
acids,  and  neutralizes  their  properties  completely. 

Its  affinity  for  water  may  be  shown  by  filling  a  lone  tube  with  the  gas,  and  Affinity  for 
opening  it  under  water  ;  the  ammonia  will  be  absorbed  with  great  rapidity,  and  water, 
rompletely  if  the  gas  is  pure.    According  to  Thomson  water  takea  up  780  times  Exp. 
its  bulk. 


Its  alkaline  character  may  be  shown  by  using,  instead  of  pure  water,  water  Exp. 
coloured  blue  by  litmus  or  cabbage,  or  yollow  by  turmeric. 
A  r>iece  of  ice  passed  up  the  tube  standing  oyer  mercury,  is  rapidly  liquefied  Exp. 

733.  None  of  the  ammoniacal  salts  can  sustain  a  red  heat  without  Effect  of 
being  dissipated  in  vapour  or  decomposed,  a  character  which  arises 


*  Faraday,  Phil.  Trans.  1834. 

t  A  ressel  of  water  or  mercury  should  be  at  hand  to  supply  the  loss  in  the  dish  in 
which  the  tube  is  placed  and  prevent  the  entrance  of  air. 

27 
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from  the  volatile  nature  of  the  alkali.  If  combined  with  a  volatile 
acid,  such  as  the  hydrochloric,  the  compound  itself  sublimes  un- 
changed by  heat.  p 

734.  Hydrogen  and  nitrogen  gases  do  not  unite  directly,  but  the 
composition  of  ammoniacal  gas  has  been  determined  by  analysis 
with  electricity,  and  by  passing  it  through  red-hot  tubes.  If  passed 
over  a  coil  of  iron  or  copper  wire  in  a  red-hot  porcelain  tube,  the 
metals  become  brittle,  but  their  weight  is  not  altered.  The  expan- 
sion which  the  gas  suffers  in  being  thus  resolved  into  its  constituents, 
is  a  singular  instance  of  change  of  properties  in  consequence  of  che- 
mical combination.  The  bladder  at  (Fig.  169,)  is  filled  with  ammo- 
nia, which  may  be 
passed  through  the 
tube  b,  in  the  furuace 
c,  the  hydrogen  and 
nitrogen  may  be  col- 
lected in  d.     

735.  Ammonia  is  decomposed  by  chlorine,  hydrochloric  acid  is 
formed  by  the  union  of  the  chlorine  with  its  hydrogen,  and  if  an  ex- 
cess of  the  gas  is  present,  hydrochlorate  of  ammonia  is  obtained. 

When  the  two  gases  are  suddenly  mixed  they  act  upon  each  other 

so  powerfully  as  sometimes  to  produce  detonation. 

Invert  a  matrass  with  a  conical  neck  and  wide  mouth,  over  another  Fig.  170. 
with  a  taper  neck  containing  a  mixture  of  sal  ammoniac  and  lime,  heat- 
ed by  a  lamp.  As  soon  as  the  upper  vessel  seems  to  be  full  of  ammonia, 
by  the  overflow  of  the  pungent  gas,  it  is  to  bo  cautiously  lifted  up,  and 
iaserted,  in  a  perpendicular  direction,  into  a  wide  mouthed  glass  decan- 
ter, or  flask,  filled  with  chlorine.  On  seizing  the  vessels  thus  joined, 
with  the  two  hands,  covered  with  gloves,  and  suddenly  inverting  them 
like  a  sand  glass,  the  heavy  chlorine  and  light  ammonia,  rushing  in  op- 
posite directions,  unite,  with  the  evolution  of  flame. 

736.  Ammonia  is  readily  recognised  by  its  odour,  and  by 
the  white  fumes  which  are  given  off  when  a  rod  dipped  in 
hydrochloric  acid  is  brought  in  contact  with  it.  * 

This  will  be  evident  if  we  moisten  the  inside  of  'a  glass  jar  with 
hydrochloric  acid,  and  pass  into  it  a  small  quantity  of  ammonia; 
dense  clouds  of  hydrochlorate  of  ammonia  will  immediately  form. 

737.  The  usual  state  in  which  ammonia  is  employed  is  in  solu- 
tion, both  in  chemistry  and  medicine.  This  solution  bears  the  name 
of  Aqua  Ammonia;  in  the  Pharmacopoeia.  It  may  be  obtained  by 
passing  the  gas  into  water  in  a  proper  apparatus,  (Fig.  171,)  or  by 
distilling  over  the  water 
and  gas  together. 

The  following  process, 
recommended  by  Phil- 
lips, answers  well. 

On  9  ounces  of  well  burn- 
ed lime  pour  half  a  pint  of 
water,  and  when  it  has  re- 
mained in  a  well  closed  ves- 
sel for  about  an  hour,  add  12 
ces  of  hydrochlorate  of 
donia  in  powder  and  three  pints  and  a 
has  cooled,  pour  off  the  clear  portion, 


Fig.  171. 


half  of  boiling  water;  when  the  mix 
a  retort  20  fluid 
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The  sp.  gr.  of  this  solution,  which  is  sufficiently  strong  for  most  purposes,  is  Sect,  XV. 

0.954.-   

738.  Liquid  ammonia  should  bo  preserved  in  well-stopped  glass  How  pre- 
bottles,  siuce  it  loses  ammonia  and  absorbs  carbonic  acid,  when  ex-  •erTe«- 
posed  to  air;  when  heated  to  about  140°,  ammonia  is  rapidly  given 
off  by  it.  When  concentrated  it  requires  to  be  cooled  to  —40  before 
it  congeals,  and  then  it  is  apparently  inodorous.t 


Section  XV.    Compounds  of  Hydrogen  and  Carbon. 

739.  Two  compounds  of  hydrogen  and  carbon  have  long  been  Corn- 
known,  and  late  researches  have  brought  to  light  others  of  much  in-  Kdrogenf 
terest.    They  are  remarkable  for  their  number  ;  for  supplying  some  aod  carbon, 
instructive  instances  of  isomerism;  for  their  tendency  to  unite  with 

and  even  neutralize  powerful  acids,  without,  in  their  uncorabined 
state,  manifesting  any  ordinary  signs  of  alkalinity. 

740.  Several  of  them  are  particularly  distinguished  by  their  che-  Distin- 
raical  affinities  ;  for  although  compound,  they  exhibit  in  their  com-  fflj*-1^,^ 
binations  with  other  substances,  the  characteristics  of  an  element. 

They  have  hence  been  called  compound  radicals.  In  organic  che- 
mistry they  hold  a  place  as  the  roots  or  radicals  of  the  various 
organic  products,  and  in  inorganic  chemistry  as  compounds  formed 
by  the  direct  union  of  two  elements.*  T. 

Light  Carburcttcd  Hydrogen, 
Composition. 

Fbrm.  Sp.  Gr.  Hyd.       Carb.      Equiv.      Eq.  Vol, 

HJC  0.5593  Air     =1  2     +     6.13   =    8.12  100 

8.12    Hyd.  =1 

741.  This  gas  is  sometimes  called  heavy  inflammable  air,  the  in- 
fammable  air  of  marshes,  and  hydrocarburet.  ft  is  generally  termed 
light  carbu retted  hydrogen. 

It  may  be  collected,  mixed  however  with  carbonic  acid  and  nitro-  Collected, 
gen  gases,  by  stirring  the  bottom  of  almost  any  stagnant  pool  of 
water,  especially  if  formed  of  clay.    It  should  be  washed,  when  col- 
lected, with  lime  water  or  liquid  potassa,  to  remove  the  carbonic 

•Or  two  parts  of  lime  and  three  of  sal  ammoniac  may  be  mix-  **tx-  172. 

<&,  after  the  former  has  been  slaked  with  a  half  of  its  weight  of  v.   

water  sod  allowed  to  cool ;  they  should  both  be  in  fine  powder,  (  hr^^Z  OmT^ 

aod  intimately  blended,  taking  care  to  avoid  the  pungent  fumes 
taat  are  disengaged.   The  mixture  is  then  put  into  an  iron  retort 
and  placed  in  a  sand  bath.  (Fig.  172.)  The  beak  of  the  retort  is 
then  luted  to  a  quilled  globe,  making  the  joining  tight  with  plas- 
ter-of-paris :  water,  equal  in  weight  to  3  of  the  salt  used,  is 
pot  inio  a  bottle  or  receiver.    The  tube  from  the  globe  should  S  — 
reach  to  the  bottom  of  the  bottle,  which  should  not  be  more  than 
half  foil,  when  the  proper  quantity  of  water  has  been  put  in. 
The  use  of  the  glass  globe  is  to  allow  air  to  pass  into  the  retort 
**  the  apparatus  becomes  cold,  and  prevent  any  of  the  water  of 
ammonia  from  being  carried  along  with  it ;  for  when  the  gas  ceases  to  come  and  all 
tht  liquid  in  the  bottle  has  been  forced  into  the  globe  by  the  pressure  of  the  atmos- 
phere, air  will  enter  by  the  quill  tube  and  pass  through  the  water  to  the  retort. 

tPor  a  table  of  the  quantity  of  ammonia  in  solutions,  see  Davy's  Elements. 

tThose,  which  from  their  atomic  constitution,  or  from  being  the  products  of  the 
kingdom,  belong  to  that  department,  will  be  described  under  that  division. 
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acid,  of  which  it  contains  ^fe.     This  is   the   only  convenient 
method  of  obtaining  it. 

742.  Light  carburetted  hydrogen  is  nearly  inodorous,  and  without 
colour  or  taste.  Water  absorbs  about  of  its  volume.  It  does 
not  support  combustion  or  life,  but  is  highly  inflammable,  burning 
with  a  yellowish  flame. 

743.  Mixed  with  atmospheric  air  it  may  be  kindled  by  a  lighted 
taper,  and  explodes  with  violence,  provided  it  forms  not  less  than 
-1*2  of  the  mixture,  and  does  not  exceed  With  oxygen  gas 
the  detonation  is  louder  and  more  violent;  but  it  is  necessary  that 
oxygen  should  rather  exceed  the  inflammable  gas  in  volume,  and  yet 
should  not  be  more  than  2|  times  its  bulk.  For  its  perfect  combus- 
tion more  than  twice  its  volume  of  oxygen  gas  is  required,  of  which 
exactly  two  volumes  are  consumed,  and  carbonic  acid  is  produced, 
equivalent  in  volume  to  the  inflammable  gas. 

744.  One  hundred  measures  of  carbonic  acid  gas,  contain  100  of 
carbon  vapour  and  100  of  oxygen,  just  half  the  oxygen  employed; 
the  remaining  oxygen  requires  200  measures  of  hydrogen  to  form 
water. 

Hence  at  60°  F.  and  30  inches  barom— 

100  cubic  inches  of  carbon  vapour  weigh  13.0714  grs. 

200   *         «      hydrogen  gas  .      .  4.2734  u 

100   "         "      light  carb.  hyd.  must  weigh    17.3448  " 

being  in  the  ratio  of  2  to  6.12  and  the  sp.  gr.  ought  to  be  0.5593 
which  agrees  nearly  with  experiment.  T. 

745.  Chlorine  and  carburetted  hydrogen  do  not  act  on  each  other 
at  common  temperatures,  when  quite  dry,  even  if  they  are  exposed 
to  the  direct  solar  rays.  .  If  the  gases  are  moist,  and  the  mixture  is 
kept  in  a  dark  place,  still  no  action  ensues  ;  but  if  light  be  admitted 
decomposition  follows.  The  nature  of  the  products  depends  on  the 
proportion  of  the  gases.  If  4  measures  of  chloriue  and  1  of  carbu- 
retted hydrogen  are  present,  carbonic  and  hydrochlbric  acid  gases 
will  be  prodded.  When  three  measures  of  chlorine  are  present 
carbonic  oxide  is  formed,  one  half  less  water  being  decom- 
posed. H. 

746.  The  gaseous  matter  that  often  issues  in  large  quantity  from 
.  between  beds  of  coal,  and  collects  in  the  mines  mixed  with  the  at- 
mospheric air,  forms  an  explosive  mixture  that  has  been  the  cause  of 
many  fatal  accidents  ;  the  first  unprotected  light  that  approaches  sets 
fire  to  the  whole  mixture.  The  frequent  loss  of  life  from  the  explo- 
sion of  this  firt  damp,  led  Davy  to  the  construction  of  the  safety 
lamp.* 

747.  In  the  course  of  his  experiments  Davy  found  that  the  explo- 
sive power  varies  with  the  proportions  of  carburetted  hydrogen  and 
air ;  thus  with  three  or  four  times  its  volume  of  air  there  is  no  ex- 
plosion, with  seven  or  eight  times  its  bulk  of  air  the  explosion  is 
powerful ;  with  fourteen  times  its  volume  it  is  still  explosive,  but 
with  a  larger  quantity  a  taper  burns  in  the  mixture  only  with 

*  For  a  full  account  of  the  elaborate  experiments,  &c.  on  this  subject,  the  student  is 
referred  to  Davy's  Euay  on  Flame,  and  the  biographies  of  htm  by  Paris  and  Dr 
Davy. 
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in  enlarged  flame.  He  also  ascertained  that  the  temperature  re- 
quired for  explosion  was  very  high  ;  and  that  flame  cannot  pass 
through  a  narrow  tube,  or  a  tissue  of  wire-gauze. 

748.  Flame  is  gaseous  matter  heated  so  intensely  as  to  be  luminous. 
When  it  comes  in  contact  with  the  sides  of  minute  apertures,  as  when 
wire-gauze  is  held  upon  a  burning  jet  of  coal  gas,  or  the  flame  of  a 
spirit  lamp,  it  is  deprived  of  so  much  heat  that  its  temperature  in- 
stantly falls  below  the  degree  at  which  gaseous  matter  is  luminous, 
though  the  gas  itself  passes  freely  through  the  interstices  and  is 
still  very  hot. 

This  will  be  seen  on  bringing  a  Fig.  173. 

piece  of  wire-gauze  down  upon  the 
flame  j  as  at  a,  (Fig.  173,)  the  gas 
will  be  found  to  pa.--  through  and 
tniy  be  ignited  above  the  gauze  a* 
its. 

749.  If  the  flame  of  a  com- 
mon lamp  be  everywhere  pro- 
perly surrounded  with  a  wire- 
gauze,  and  in  that  state  immersed  into  an  explosive  gaseous  mixture, 
it  will  be  inadequate  to  its  inflammation,  that  part  only  being  burned 
which  is  within  the  cage,  communication  to  the  inflammable  air 
without  being  prevented  by  the  cooling  power  of  the  metallic  tissue ; 
so  that  by  such  a  lamp  the  explosive  mixture  will  be  consumed, 
but  not  exploded.  Fig.  174. 

Fig.  174  is  a  representation  of  the  safety  lamp,  a  is  a  cylinder  of  d 
wire-gauze,  with  a  double  top,  securely  and  carefully  fastened,  by 
doubling  over  to  the  brass  rim  b,  which  screws  on  the  lamp  c.  The 
whole  is  protected  and  rendered  convenient  for  carrying,  by  the 
frtme  and  ring  d .  If  the  cylinder  be  of  twilled  wire-gauze,  the  wire 
should  be  at  least  of  the  thickness  of  one  fortieth  of  an  inch,  and  of 
iron  or  copper,  and  30  in  the  warp,  and  16  or  16  in 
the  weA.  if  of  plain  wire-gauze,  the  wire  should 
not  bo  less  than  one  sixtieth  of  an  inch  in  thick- 
ness, and  from  28  to  30  both  warp  and  woof* 

The  operation  of  this  lamp  may  be  shown  on 
a  small  scalp,  by  suspending  it  in  an  inverted  glass 
jar,  and  then  admitting  a  sufficient  stream  of  coal 
gas  from  a  gas-holder  by  a  tube  entering  below,  (Fig.  175,)  to 
render  the  enclosed  atmosphere  explosive.  The  flame  of 
the  lamp  first  enlarges,  and  is  then  extinguished,  the  whole  of 
the  cage  being  filled  with  a  lambent  blue  light  ;t  on  turning  off 
the  supply  of  the  gas  this  appearance  gradually  ceases,  and  the 
wick  becomes  rekindled,  when  the  atmosphero  returns  to  its 


Equir.    Eq.  Vol. 
2  eq.  =  14.24  100 
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Olefiant  Gas. 

Sp.  Gr.  Hyd.  Carb. 

0  9«*0S  Air   =  1      2    4-  12.24 
14.24    Hyd.  =  I 

750.  This  gas  was  discovered  in  1796,  by  some  associated  Dutch  Olefiant 
chttaists,  and  was  termed  by  them  olefiant  gas,  from  its  property  of  *8S' 

•  To  increase  the  safety  of  the  lamp  when  exposed  to  a  strong  current  of  an  explo- 
re atmosphere,  the  addition  of  a  glass  cylinder  and  allowing  the  air  to  enter  only 
trough  fine  apertures  below,  has  lately  been  resorted  to  with  success. 

tThe  platinum  coil  within  will  continue  red-hot.  (257). 

*The  explosion  may  be  safely  exhibited,  previously,  by  suspending  the  lamp  with- 
out the  wire-game  cylinder  from  a  piece  of  y 
■M  or  oil  gas.  W. 
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m. 


How  ob- 
tained. 


Action  of 
chlorine. 


forming  an  oily  looking  liquid  with  chloriue.  It  has  been  called  by 
Thomson  hydro guret  of  carbon. 

751.  It  is  usually  obtained  by  the  decomposition  of  alcohol  by 
sulphuric  acid. 

For  thin  purpose  four  parts  of  the  acid  and  one  of  alcohol  are  put  into  a 
eious  retort,  and  heated  by  a  lamp.  The  acid  toon  act*  upon  the  ale 
effervescence  ensues  and  < >l>  ti.mt  gas  passes  over.  The  retort  should  not  b* 
more  than  one  third  full,  and  the  acid  and  alcohol  should  bo  shaken  together 
before  the  heat  is 


A  little  ether  is  formed  at  first,  the  solution  becomes  dark,  sulphu- 
rous acid  and  carbonic  oxide  are  formed,  and  carbon  deposited.* 

752.  This  gas  is  colourless  and  inodorous.  Water  absorbs  about 
I  of  its  volume.  It  extinguishes  flame,  and  does  not  support  life. 
It  is  inflammable,  burning  with  a  bright  yellowish  white  flame. 
When  mingled  with  oxygen  gas,  it  explodes  with  great  violence. 
One  part  by  volume  requires,  for  perfect  combustion,  three  of  oxygen ; 
and  two  of  carbonic  acid  are  produced.  100  cubic  inches  weigh 
30.4162  by  calculation,  and  its  sp.  gr.  is  as  stated. t 

Olefiant  gas  is  decomposed  by  electricity,  and  by  transmission 
through  red-hot  tubes. 

753.  When  this  gas  is  mixed  with  chlorine,  in  the  proportion  of  1 
to  2  by  vol.  the  mixture,  on  inflammation,  produces  hydrochloric  acid, 
and  charcoal  is  abundantly  deposited. 

If  the  gases  he  well  mixed,  and  then  inflamed  in  a  tall  and  narrow  gla**  jar, 
(about  two  feet  high  and  four  inches  in  diameter),  placed  with  its  mouth  up- 
wards, the  experiment  is  very  striking;  a  deep  flame  gradually  descends  through 
the  mixture,  and  a  dense  black  cloud  of  carbon  rises  into  the  atmosphere  .  fumes 
of  hydrochloric  acid  are  at  the  same  time  formed,  and  a  peculiar  aromatic  odour 
is  evolved. 

If  instead  of  inflaming  the  gases,  the  jar  be  inverted  in  a  basin  of  water,  or  if 
they  be  mixed  in  a  clean  and  dry  gloss  globe  exhausted  of  air,  they  act  slowly 
upon  each  other,  and  a  peculiar  fluid  is  formed,  winch  appears  like  a  heavy  oil  . 
hence  the  name,  oUJiani  gas.    B.  1.  321. 


Hydros  al- 

phunc 


Processes. 


Section   XVI.    Compounds  of  Hydrogen  and  Sulphur. 
Hydrosulpkuric  Acid— Sulphuretted  Hydrogen. 

Composition. 

.S^>.  Gr.  Ihjd.  Sul.       Equiv.       Kq.  Vol. 


Fnrm. 
HS 


Sul. 
16.1  = 


17.1 


him  Air    =r  l 
17.10     Hyd.  =  1 

754.  This  gaseous  compound  of  sulphur  and  hydrogen  was  first 

investigated  by  Scheele  in  1777.    It  may  be  obtained  by  presenting 

sulphur  to  nascent  hydrogen,  which  is  the  case  when  protosulphuret 

of  iron  is  acted  upon  by  dilute  sulphuric  acid. 

The  sulphuret  of  iron  may  he  prepared  by  heating  a  bar  of  iron  to  a  whit*  or 
welding  heat,  and,  in  this  state,  rubbing  it  with  a  roll  of  sulphur.  The  ru<  ul 
and  sulphur  unite,  and  form  a  liquid  compound,  which  falls  down  in  drops.! 
These  soon  congeal  ,  and  the  compound  must  be  preserved  in  a  well  closed  phssJ 
Or  a  mixture  of  two  parts  of  iron  filing*  and  rather  more  than  one  part  of  sulphur, 
may  be  heated  to  redness  in  a  covered  crucible.  §    A  portion  of  this  may  be  m 
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into  a  retort  or  gas  bottle  and  diluted  sulphuric  acid  poured  upon  it,  as  gect.  XVI. 

ib  the  process  for  obtaining  hydrogen  gas  (378).    It  may  also  be  conveniently  

obtained  from  bruised  sesquisulphuret  ofantimony  (crude  antimony  of  the  shops) 
with  five  or  six  times  its  weight  of  hydrochloric  acid  (sp.gr.  1.160  or  thereabouts) 
contained  in  a  retort  or  gas  bottle,  and  heated  by  a  lamp. 

765.  In  the  first  process  the  sulphuret  and  water  interchatige  ele-  Theories, 
meats,  hydrosulphuric  acid  and  protoxide  of  iron  are  generated ;  the 
hitter  unites  with  sulphuric  acid  and  the  former  escapes. 

In  the  process  with  antimony  the  elements  concerned  are — 

1  eq.  sesquisulphuret  and  3  eq.  hydrochloric  acid 
2Sb+3S  3(H+C1) 

which  yield 

3  eq.  hydrosulphuric  acid  and  I  cq.  sesquicbloride  ofantimony 
3(H+S)  2SD+3C1 

756.  The  gas  may  be  collected  over  water,  though,  by  agitation,  Absorbed 
that  fluid  absorbs  nearly  thrice  its  bulk  ;  it  should  be  received  into  by  water- 
bottles  provided  with  glass  stoppers,  and  after  filling  them  entirely 

with  the  gas,  the  stopper  should  be  introduced. 

757.  Faraday  obtained  it  in  a  liquid  form  by  producing  it  under  Liquefac- 
pressure.    It  was  colourless,  limpid,  and  with  a  refractive  power  lion  ofsul- 
greater  than  that  of  water.    The  pressure  of  its  vapour  was  nearly  j^roeen 
equal  to  17  atmospheres  at  the  temperature  of  60°  F.    Its  specific 
gravity  appeared  to  be  0.9. 

758.  When  in  the  form  of  gas,  the  smell  is  extremely  offensive,  Properties, 
resembling  that  of  putrefying  eggs,  or  of  the  washings  of  a  gun- 
barrel,  to  which  indeed  it  imparts  their  offensive  odour.    It  exists  in 

some  mineral  waters. 

759.  It  appears  to  be  one  of  the  most  unrespirable  of  all  the  gases,  Uorespira- 
for  a  small  bird  died  immediately  in  air  containing  15\tu  of  its  vo«b'e* 
lume  of  hydrosulphuric  acid  gas ;  a  dog  perished  in  air  mingled  with 

and  a  horse  in  air  containing  2ln* 

760.  It  tarnishes  silver,  mercury,  and  other  polished  metals,  and  Action  on 
instantly  blackens  white  paint  and  solution  of  acetate  of  lead.    By  metals, 
direct  experiments,  Henry  has  found  that  one  measure  of  this  gas, 

mixed  with  20.000  measures  of  hydrogen,  or  of  carburetted  hydro- 
gen, or  common  air,  produces  a  sensible  discoloration  of  white  lead, 
or  of  oxide  of  bismuth,  mixed  with  water,  and  spread  upon  a  piece  of 
card. 

761.  U  is  inflammable,  burning  with  a  pale  blue  flame,  but  does  inflamma- 
not  support  the  combustion  of  other  bodies.    Water  and  sulphurous  ble. 

acid  are  the  products  of  its  combustion,  and  sulphur  is  deposited. 

762.  Hydrosulphuric  acid  contains  its  own  vol.  of  hydrogen  gas,  Composi- 
and  16.66  of  the  vapour  of  sulphur;  and  since  tion- 

16.66  cob.  inches  oi  the  vapour  of  sulphur  weigh  .   34.4012  grs. 

100   «       «*       hydrogen  gas  "  2.1367 

100  "       "        hydrosulphuric  acid  gas  must  weigh    .    36.5379  T. 

763.  The  salts  of  hydrosulphuric  acid  are  called  hydrosulphates  or  Salts  of. 
hydrosvlpkurets.    They  are  decomposed  by  sulphuric  or  hydrochlo- 
ric acids.  This  acid  rarely  unites  directly  with  metallic  oxides ;  but  in 

roost  cases  its  hydrogen  combines  with  the  oxygen  of  the  oxide,  and 
its  sulphur  with  the  metal. 

,  iii.  601. 
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Hydrogen  and  Sulphur. 


Solution 


Chap. in.     764.  Hydrosulphuric  acid,  both  in  the  state  of  a  gas  and  of  watery 
Use.        solution,  precipitates  most  metallic  solutions,  and  is  hence  an  ex- 
ceedingly delicate  test  of  the  presence  of  most  of  the  metals. 

Water  impregnated  with  this  gas,  when  exposed  to  the  atmos- 
phere, becomes  covered  with  a  pellicle  of  sulphur.  Sulphur  is  even 
deposited  when  the  water  is  kept  in  well  closed  bottles. 

Chlorine,  iodine  and  bromine  decompose  it  with  separation  of  sul- 
phur, and  an  atmosphere  charged  with  the  gas  may  be  speedily  pu- 
rified by  chlorine. 

Per  sulphur  et  of  Hydrogen. 


Farm.  Hydr,         Sulpk.  Equiv. 

HS*  I  1  eq.     +    32.2      2  eq.       =  33.2 

765.  This  compound  was  discovered  by  Scheele  and  described  by 
Berthollet.*  When  protosulphuret  of  potassium  (or  of  any  metal 
of  the  alkalies  and  alkaline  earths)  is  mixed  in  solution  with  sul- 
phuric acid,  the  oxypen  of  water  unites  with  potassium  and  its  hy- 
drogen with  sulphur.t 

766.  Persulphuret  of  hydrogen  is  conveniently  made  by  boiling  equal  part* 
of  recently  slaKed  lime  and  flowers  of  sulphur  with  5  or  6  parts  of  water  for 
half  an  hour,  when  a  deep  orange-yellow  solution  is  formed,  which  containt 
persulphuret  of  calcium.  Let  this  liquid  be  filtered,  and  gradually  added  cold 
to  an  excess  of  hydrochloric  acid  diluted  with  about  twice  its  weight  of  water, 
stirring  it  briskly.  A  copious  deposit  of  sulphur  falls  (the  Sulphur  Prttcipitatum 
of  the  Lond.  Pharmacop.)  and  persulphuret  of  hydrogen  gradually  subsides  in 
the  form  of  a  yellowish  semi-fluid  matter  like  oil. 

Theory.  767-  The  cnan£e  which  ensues  in  the  formation  of  the  yellow  so- 
lution may  be  theoretically  represented  thus  : — 

2  eq.  lime  and  6  eq.  sulph.  2  l  eq.  hvposulphs.  acjd  and  2  eq.  hisulphuret  of  calcium 

2(Ca-fO)  6S      |        2S+20  2(Ca+2S). 

>■» 

The  hyposulphurous  acid  exists  in  solution  united  with  lime,  and  is 
decomposed  when  hydrochloric  acid  is  added,  resolving  itself  into 
sulphurous  acid  and  sulphur. 

Properties.  W8L  At  common  temperatures  it  is  a  viscid  liquid  of  a  yellow 
colour,  with  a  density  of  about  1.769,  and  a  consistence  varying  be- 
tween that  of  a  volatile  and  fixed  oil.  It  has  the  peculiar  odour 
and  taste  of  hydrosulphuric  acid,  though  in  a  less  degree.  Its  ele- 
ments are  so  feebly  united,  that  in  the  cold  it  gradually  resolves  it- 
self into  sulphur  and  hydrosulphuric  acid,  and  suffers  the  same 
change  instantly  by  a  heat  considerably  short  of  212°  F.  Decom- 
position is  also  produced  by  the  contact  of  most  substances,  especial- 
ly of  metals  and  oxides. 

769.  The  composition  of  persulphuret  of  hydrogen  has  been  va- 

tionmP°Sl"  riously  stnletl-  According  to  Dalton  it  is  a  bisulfhuret.  But  The- 
nard  found  its  constituents  to  vary ;  whence  it  is  probable  that  hy- 
drogen is  capable  of  uniting  with  sulphur  in  several  proportions.  It 
is  sometimes  regarded  as  an  acid. 


*  Ann.  de  Chim.  xxv.       t  See  Tamer,  254. 
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Section  XVII.    Hydrogen  and  Selenium.  — ' 

Seleniuretted  Hydrogen. 

770.  These  bodies  combine  lo  form  a  gaseous  compound  termed  Seleniuret- 
seleniuretted  hydrogen  or  kydroselenic  acid.  It  may  be  obtained  by  ««d  hydrog. 
dissolving  protoseleniuret  of  iron  in  hydrochloric  acid. 

771.  It  is  a  colourless  gas,  highly  irritating  to  the  lining  mem-  Propertiee. 
braoe  of  the  nose,  and  for  a  time  destroying  the  power  of  smelling. 

Its  solution  smells  and  tastes  somewhat  like  hydrosulphuric  acid  ;  it 
reddens  litmus  and  tinges  the  skin  brown.  It  is  decomposed  by  the 
air,  nitric  acid  and  chlorine,  and  selenium  is  deposited.  It  occa- 
sions precipitates  in  solutions  of  neutral  metallic  salts,  which  are 
black  or  dark  brown,  with  the  exception  of  those  from  zinc,  manga- 
nese and  cerium,  which  nre  flesh-coloured. 

772.  Seleniuretted  hydrogen  is  easily  decomposed  by  the  action  Jfccompo- 
of  air  and  water ;  it  is  absorbed  by  moist  substances  and  communi- 
cates to  them  a  red  colour.    The  selenium  is  thus  remarkably  de- 
posited throughout  the  texture  of  organic  bodies.    A  piece  of  moist 

paper  is  penetrated  by  the  red  colour.  Moist  wood  and  even  a  thin 
piece  of  caoutchouc  became  in  the  same  way  red  throughout.  B.  292. 

Hydroselcnic  acid  consists  of  39.6  or  1  "eq.  of  selenium  and  I  of 
hydrogen  ;  its  equiv.  is  40.6  and  its  formula  H-f  Se  or  HSe. 

Section  XVIII.    Compounds  of  Hydrogen  and  Phosphorus. 

773.  The  two  compounds  of  hydrogen  and  phosphorus  which'1' 
have  heretofore  been  known  as  phosphuretted  and  perphosphuretted 
hydrogen,  have  been  found  by  Rose  to  be  isomeric,  identical  in  com- 
position, and  to  differ  only  by  the  one  being  spontaneously  inflam- 
mable and  the  other  not  so.  Leverrier*  has  proved  that  perphosphu- 
retted hydrogen  is  a  mixture  of  phosphuretted  hydrogen  with  about 
tj  of  its  volume  of  a  spontaneously  inflammable  compound  of  Ml. 4 
pans  or  2  eq.  of  phosphorus,  and  2  parts  or  2  eq.  of  hydrogen.  In  hyd. 
the  same  paper  he  establishes  the  existence  of  a  solid  compound  of 
2  eq.  of  phosphorus  and  1  eq.  of  hydrogen.    The  latter  is  deposited 

on  the  sides  of  the  glass  vessel  when  moist  phosphuretted  hydrogen 
gas,  recently  prepared,  is  exposed  to  strong  light. 

Phosphuretted  Hydrogen, 

Symb.  Density.  Equiv.  Eq.  Vol. 

8P+3florPHP  1.1860  34.4  200 

774.  Phosphuretted  hydrogen  was  discovered  by  Davy  in  1812,  pjmTg- 
by  heating   hydrated   phosphorous  acid  in   a  retort;    and  it&c. 

is  evolved  from  hydrous  hypophosphorous  acid  by  similar  treat- 
ment. It  is  also  formed,  according  to  Dumas,  by  the  action  of 
strong  hydrochloric  acid  on  phosphuret  of  calcium. 

775.  it  may  also  be  obtained,  in  an  impure  state,  by  boiling  phos- 
phorus with  a  solution  of  potassa,  or  milk  of  lime.  Water  is  de- 
composed, the  oxygen  and  hydrogen  of  which  unite  with  different 
portions  of  phosphorus,  and  phosphoric  acid,  hypophosphorous  ncid, 
and  phosphuretted  hydrogen  are  generated. 

*  See  the  papers  of  Dumas.  Buff,  Rose,  and  Graham,  in  An.  dr  Ch.  et  de  Phyt. 
nxi.  U3,  xli.  220,  end  xli.  6,  Phil.  Mag.  r.  401. 

.  28 
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chap  in.  776.  When  the  gas  is  obtained  pure  from  hydrated  phosphorous  or 
Explode  hypophosphorous  acids,  it  may  be  miied  with  air  or  oxygen  gas  at 
with  air,  common  temperatures  without  danger  ;  but  the  mixture  detonates 
**•  with  the  electric  spark  or  at  a  temperature  of  300°.    Even  dimin- 

ished pressure  causes  an  explosion,  an  effect  which  in  operating 
with  the  mercurial  trough  is  produced  simply  by  raising  the  lube,  so 
that  the  level  of  the  mercury  within  may  be  a  few  inches  higher 
than  at  the  outside.  , 

777.  In  preparing  the  gas  from  phosphorus  and  solution  of  po- 
tassa  in  a  glass  retort,  the  atmospheric  air  should  be  removed,  other- 
wise explosion  may  occur. 

A  retort  holding  a  pint  may  be  employed.  About  a  quarter  of  an  ounce  of 
phosphorus  may  be  placed  in  the  retort  and  a.moderately  strong  solution  of  potas- 
sa  poured  upon  it  until  the  neck  and  body  of  Fig.  176. 

the  retort  are  completely  filled.  The  finger 
being  placed  over  the  beak  it  is  next  immersed 
under  the  surface  of  a  portion  of  the  same  so- 
lution, contained  in  a  glass  dish  or  a  small 
pneumatic  trough,  aud  the  finger  is  then 
removed.  The  retort  may  be  attached  to  a 
block  of  wood  or  supported  securely  upon  the 
rings  of  a  retoit  stand.  (Fig.  176.)  The  su- 

Eerfluous  solution  may  th«n  be  removed  by  passing  up  hydrogen  gas* 
eat  of  a  lamp  is  carefully  applied  and  soon  after  the  solution  boils,  the 
is  evolved  in  abundance,  and  inflames  on  escaping  into  the  air. 

Forty  grains  of  phosphorus,  fifty  of  caustic  potassa,  and  sixty 
drops  of  water,  give  this  gas  very  readily  when  gently  heated  in  a 
small  retort,  (capable  of  holding  an  ounce  and  a  half  or  two  ounces 
when  quite  full,)  and  With  very  little  trouble. 

The  readiest  mode  of  procuring  this  gas  is  by  means  of  phosphu- 
ret  of  calcium  ;t  lumps  of  which  may  be  dropped  into  water  acid- 
ulated with  hydrochloric  acid.  The  retort  or  gas  bottle  may  be 
placed  wholly  beneath  the  water  in  the  pneumatic  trough,  and  the 
combustion  of  the  bubbles  of  gas  will  take  place  at  the  surface. 

778.  This  gas  is  colourless,  has  a  nauseous  odour  like  onions,  a 
very  bitter  taste,  and  inflames  when  mixed  with  air,  a  property 

•This  may  be  done  from  a  gas  bottle  having  a  long  and  slender  leaden  pipe  at- 
tached to  it,  or  by  a  pipe  and  flexible  tube  proceeding  from  the  apparatus  (Fig.  ISO.) 
It  will  be  found  necessary  after  all  the  solution  has  been  expelled  from  the  neck  to 
incline  the  body  of  the  iretbrt  so  as  to  allow  a  part  of  what  remains  in  the  body  to 
flow  into  U,  which  is  to  be  expelled  as  at  first. 

A  very  simple  method  of  avoiding  all  danger,  is  to  moisten  the  interior  of  the  re- 
tort with  ether. 

.  ...  t  The  following  method  of  obtaining  this  compound  has  been  described  by  Mitchell.* 

method  of'pre  2  employ  two  Hessian  crucibles,  some  of  the  inner  members  of  a  nest.  The  larger  of 
ptnof  phot-  the  two  nas  a  hole  bored  through  its  bottom,  and  a  test  tube  of  a  suitable  size  luted 
''  in  with  clay.  The  phosphorus  is  put  into  the  test  tube ;  the  top  of  which  is  loosely 
'  with  a  piece  of  broken  crucible  to  prevent  the  pieces  of  quicklime  from 


down  into  it.  The  lime  is  then  put  in  so  as  to  fill  this  crucible  and  partly  fill  the  upper 
one,  which  serves  as  a  cover  to  it,  and  is  luted  on  with  some  fine  clay  a  little  moisten- 
ed. The  cover  has  also  a  small  hole  in  its  top  tn  afford  an  outlet  for  the  air,  &c.  The 
whole  is  placed  upon  the  grate  of  a  furnace,  with  the  test  tube  projecting  through  it 
below,  and  a  obarroal  fire  is  kindled  around  it.  The  phosphorus  may  be  kept  cool,  if 
necessary,  by  making  the  tube  dip  into  water  contained  in  a  tin  cup  attached  to 
the  end  of  a  stick.  When  the  crucibles  and  contents  are  thoroughly  red-hot,  a  chafing 
dish  is  substituted  for  the  tin  cup,  and  the  phosphorus  rising  in  vapour  produces  the 
desired  change.   The  pbosphuret  should  be  preserved  in  a  sealed  phial. 

•  Mitchell  in  Amtr.  Jour.  xvii.  349. 
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which  it  loses  by  being  kept  over  water ;  water  takes  up  two  per 
cent,  of  the  gas,  and  acquires  a  bitter  taste  and  the  smell  of  onions. 

779.  If  the  beak  of  the  retort  (776)  is  plunged  under  water,  the 
successive  bubbles  of  gas  as  they  escape,  burst  into  flame  and  form 
rings  of  dense  white  smoke  which  enlarge  as  they  ascend,  retaining 
their  shape  if  the  air  is  tranquil.  The  wreaths  are  formed  of  meta- 
phosphoric  acid  and  water. 

780.  When  bubbles  of  phosphuretted  hydrogen  are  let  up  into  a  Combua- 

jar  of  oxygen,  they  burn  with  greatly  increased  splendour.  trot.11  °* 

They  should  be  received  in  a  large  jar,  but  half  filled  with  oxygen,  and  care  Exp. 
must  be  taken  not  to  allow  them  to  accumulate  in  the  jar.    The  safest  ~ 


tbod  is  to  collect  a  few  bubbles  in  a  small  phial  and  pass  them  up  from  that  into 
the  large  jar,  a  bubble  at  a  time.   Similar  experiments  may  be  made  witb  chlo- 


781.  One  hundred  measures  of  phosphuretted  hydrogen  gas  con- 
tain 160  of  hydrogen  and  25  of  vapour  of  phosphorus,  hence  a3        t'oo  »»d 

150  cub.  inches  of  hydrogen  gas  weigh  ....      3.2050  gra. 
25   M     '  "   phosphorus  vapour        ....     33.5461  ** 

r 


100   «      "   phosphuretted  hydrogen  gas  should  weigh    36.7511  « 

and  its  calculated  density  should  be  1.18$0,  which  is  nearly  a  mean 
of  the  observations  of  Dumas  and  Rose. 

782.  According  to  Leverrier,  it  is  probable  that  the  compound  ofS?^ 
phosphorus  arid  hydrogen  composed  of  two  equiv.  of  each  of  its  ele- 
ments, which  is  spontaneously  inflammable,  communicates  that  pro- 
perty to  phosphuretted  hydrogen  gas.    This  opinion  is  grounded  on 

the  fact  that  when  spontaneously  inflammable  phosphureltejd  hydro- 
gen is  kepi  for  any  length  of  time  in  the  dark  it  sonars  no  change, 
bat  in  a  strong  light,  solid  phosphuretted  hydrogen  is  deposited,  and 
tbe  residual  gas  is  no  longer  spontaneously  inflammable.  Thus  it 
appears  that  by  the  action  of  light  P2Ha  is  decomposed,  and  P"H 
and  I^H3  are  formed.    T.  258. 

Section  XIX.    Compounds  of  Nitrogen  and  Carbon. 

Bicarburet  of  Nitrogen— 'Cyanogen  Gas. 

Composition. 

fbrm.  Sp.  Gr.  NU.  Car.  Equiv. 

N+2C,  or  NC,  or  Cy.     1.8167  Air    =  J    14.15  1  eq.  12.24  2  eq.  26.39  by  VVght. 

26.39    Hyd.  =  1  100     "  Vol. 

783.  This  gaseous  compound  was  discovered  by  Gay-Lussac,  in  Cyanogen. 
1815,*  and  was  called  cyanogen  from  /taw;,  blue,  and  ysvr&ta,  Ige- 
nerate%  because  it  is  an  essential  ingredient  of  Prussian  blue. 

784.  It  is  obtained  by  heating  dried  bicyanuret  of  mercury  in  a  pro^, 
small  glass  retort.t    This  cyanuret,  formerly  called  prussiate  of 
mercury,  is  composed  of  metallic  mercury  and  cyanogen.    On  expo- 
sure to  a  low  red  heat,  it  is  resolved  into  its  elements ;  the  cyanogen 
passes  over  in  the  form  of  gas,  and  the  metallic  mercury  is  sublimed. 

The  heat  applied  should  be  sufficient  to  expel  the  cyanogen  slowly 
and  steadily,  as  it  is  liable  to  be  decomposed  by  a  high  temperature. 
Towards  the  end  of  the  process,  a  black  substance  is  procured,  aris- 

*  Ann.  dt-  Chim.  xcv. 

t  For  the  method  of  preparing  this  cyanuret,  see  Mwusy.  tC+**+  V    «X  t^d 
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Chap  ill,  ing  from  the  decomposition  of  part  of  the  cyanogen,  consisting  of  the 
same  ingredients  as  the  gas  itself.  T. 
Properties.  785.  Cyanogen  has  a  strong,  penetrating,  and  disagreeable  iroell 
resembling  that  of  bitter  almonds.  It  burns  with  a  bluish  flame 
mixed  with  purple,  which  can  be  shown  by  igniting  it  at  the  beak  of 
the  retort,  which  may  be  drawn  out  to  a  fine  point  before  the  blow-pipe. 

786.  It  must  be  collected  over  mercury,  as  water  absorbs  4.5  limes 
Collected.  l[3  vo|ume  0f  t|,e  gas     The  aqueous  solution  reddens  litmus  paper, 

an  effect,  however,  not  to  be  ascribed  to  the  gas,  but  to  acids  ge- 
nerated by  the  mutual  decomposition  of  cyanogen  and  water. 

787.  Cyanogen  contains  its  own  bulk  of  nitrogen  and  twice  its 

volume  of  the  vapour  of  carbon  ;  and  since 

100  cubic  inches  of  nitrogen  ga*  weigh  .       .       30.1650  gra. 

200    44        "       vapour  of  carbon  ■         ...      26.142B  * 

100   44        44      cyanogen  gas  must  weigh  56.3078  ** 

The  ratio  of  its  elements  by  weight  is, 

Nitrogen     30.1650    .    .    .   0  9727    14.15  I  eq. 

Carbon      26.1488   .    .    .   0  8430(2+0.421 5)    .    .    .    12.24  2  oq. 

sP.  gr.      The  SP-  £r-  °f a  gas  so  constituted  is  0.9727-|-0.S43=1.8157,  which 
is  near  1.8064  the  number  found  experimentally  by  Gay-Lussac. 

Cyanogen  is  a  bicarburet  of  nitrogen  ;  but  its  most  convenient 
name,  cyanogen,  may  be  expressed  by  Cy.*    t.  239. 


Section  XX.    Compounds  of  Sulphur  with  Carbo?i,  ifc. 

Bisulphuret  of  Carbon. 
Composition. 

Form.  Carb.        Bui.        Eqw'r.        Eq.  Vol. 

C+2SorCSa  6.12    +    32.2    as    38.32  100 

M^hT/hi!     798'  This  substance  was  discovered  in  1796  by  Lampadius  who 

soiphuret,  regarded  it  as  a  compound  of  sulphur  and  hydrogen,  and  termed  it 
or  alcohol^  alcohol  of  sulphur. 

How  oh" '  ma^'  ^e  °^ta'ncc^       healing  in  close  vessels  the  native  bi- 

uiaed°      sulphurct  of  iron  (iron  pyrites)  with  one  fifth  of  ils  weight  of  welJ 
dried  charcoal,  or  by  passing  the  vapour  of  sulphur  over  fragments 
of  charcoal  heated  10  redness  in  a  tube  of  porcelain. t 
Properties.      790.  The  bi-sulphuret  of  carbon  is  eminently  transparent,  and 
perfectly  colourless.    Sometimes,  immediately  after  distillation,  the 


*  ParacyannRcn.  Symb.  N*C\  Eq  105  66.'  The  brown  mnller  left  in  the 
in  the  foregoing  process  (784)  is  a  solid  bicarburet  of  nitrogen,  isomeric  with  cyi 
but  differing  from  ii  in  its  physical  and  chemical  relations.  Heated  in  the  opeo 
sfreral  definite  compounds  uf  carf.on  and  nitrogen  may  be  obtained.*  It  is  soloble  in 
nitric  and  sulphuric  acid*  and  forms  a  compound  with  oiygen  in  which  ooe  eq.  of  ox- 
ygen is  combined  with  four  eg.  of  nitrogen  and  eight  eq.  of  carbon. 

MclUm.  Symb.  V<"  hq.  93.32  It  is  a  lemon  yellow  coloured  powder,  loada- 
ble in  water  and  alcohol,  but  soluble  and  decomposable  by  acids  and  alkalies.  By 
heal  it  affords  one  v«»l .  of  nitrogen  and  three  of  cyanogen,  ll  is  ooe  of  the  com  doom 
radicals.  T. 

Compound  of  Photphorut  and  \itrruren. 

Photpfiuret  o/NUrogrn.  Symb.  N+2P,  or  NP*.  Eq.  45  66.  When  either  of  the 
chlorides  of  phosphorus  is  saturated  with  dry  ammoniacal  gas,  a  while  solid  mass  is 
obtained,  which  on  exposure  to  a  strong  beat,  gives  rise  to  the  formation  of  phospourrt 
of  nitrogen,  and  hydrochloric  acid  gas.  Il  is  a  light  snow  while  powder,  insoluble  ta 
water.  It  is  composed  of  31.4  parts  or  2  eq-  of  phosphorus,  and  14.16  or  ooe  eq.  of 
mtrogeo. 

t  A  porcelain  lobe  an  inch  or  more  in  diameter  is  coated  with  clay  and  wrapped  1 
^  ^  *  BrswaWs  Jew.  N.  1. 1.  Ti. 
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oily  liquid  appears  a  little  opaque  and  milky  ;  but  the  next  day  it  is 
found  to  have  become  completely  limpid.  It  has  an  acrid,  pungent, 
and  somewhat  aromatic  taste ;  its  smell  is  nauseous  and  fetid.  It  is 
soluble  in  alcohol  and  ether ;  its  refractive  power  in  regard  to  light 
is  very  considerable.  Its  sp.  gr.  is  1.272;  of  its  vapour  2.668.  It 
boils  at  110°,  and  does  not  freeze  at  — 60°.  It  is  very  volatile,  and 
the  cold  which  it  produces  during  evaporation  is  so  intense,  that  by 
exposing  a  thermometer  bulb,  covered  with  fine  lint,  moistened  with 
it,  in  the  receiver  of  an  air-pump,  the  temperature  sunk,  after  ex- 
haustion to — 60°.  When  a  mercurial  thermometer  is  used,  the 
metal  freezes.  When  a  few  drops  of  this  liquid  are  poured  on  the 
surface  of  a  glass  of  water,  the  temperature  of  which  is  32°  F. 
plumose  branches  of  ice  dart  to  the  bottom  of  the  vessel,  and  the 
whole  water  is  suddenly  frozen.  At  the  same  time,  the  sulphuret 
becomes  volatilized ;  and  the  spiculse  of  ice  beautifully  exhibit  the 
colours  of  the  solar  spectrum. 

791.  Bisulphuret  of  carbon  is  a  sulphur-acid,  that  is,  it  unites  with  A  gu|phur. 
sulphur  bases  to  constitute  compounds  analogous  to  ordinary  salts,  acid, 
and  hence  called  sulphur-salts.    Thus  bisulphuret  of  carbon  unites 

with  sulphuret  of  potassium,  forming  a  sulphur  salt,  in  which  the 
former  acts  as  an  acid  and  the  latter  as  a  base.  T. 

Sulphuret  of  Phosphorus. 

792.  Sulphur  and  fused  phosphorus  unite  frequently  with  vio-proceat 
lence.    The  experiment  should  not  be  made  with  more  than  30  or 

40  grs.  of  phosphorus.  The  phosphorus  is  placed  in  a  glass  tube  5 
or  6  inches  long,  and  about  half  an  inch  wide,  when  by  a  gentle 
heat  it  is  liquefied,  the  sulphur  is  added  in  successive  small  portions. 
The  compound  is  highly  combustible.* 

\mh  iron  wire.    It  is  then  filled  with  frag-  Flf.  177. 

mcau  of  charcoal,  taking  care  to  leave 
room  for  the  passage  of  vapour,  and  made 
to  traverse  a  furnace  as  represented  in  Fig. 
177.  A  retort  filled  about  a  third  full  of 
•ulphor  is  then  fitted  to  one  end  of  the  tube, 
supporting  it  by  a  retort  stand,  and  using  a 
mixture  of  clay  and  sand  to  make  the  join- 
ing air-light.  A  bent  glass  tube  about  half 
an  inch  or  rather  less  la  diameter  is  attach- 
ed in  the  same  manner  to  the  other  extre- 
mity of  the  porcelain  tube,  and  connected 
with  a  glass  globe  terminating  in  a  small 
robe  placed  in  a  receiver  half  full  of  water, 
which  most  be  kept  cold. 

When  everything  has  been  properly  ad- 
justed, fire  is  put  into  the  furnace,  and  the  tube  with  the  charcoal  brought  gradually 
to  a  strong  red  heat.  The  sulphur  in  the  retort  is  then  made  to  pass  over  it  in  vapour, 
and  as  they  combine,  the  bisulphuret  which  is  formed  condenses  in  drops  that  fall  to 
the  bottom  of  the  water  in  the  receiver.  The  use  of  the  globe  is  to  prevent  any  water 
passing  back  to  the  porcelain  tube.  The  charcoal  should  he  well  prepared,  and 
not  mixed  with  any  unchanged  woody  fibre.  Reid. 

•  Bisuiphurrt  of  Selenium  is  of  an  orange  colour,  and  fuses  at  a  heat  a  little  above 
»I2°.  Selenium  also  combines  with  phosphorus  and  forms  a  seleniuret  which  is  very 
fus.ble.  ' 

Sv/phurrt  of  Nitrogen  is  formed  by  the  reaction  of  chloride  of  sulphur  on  a  solu- 
tiea  of  ammonia,  and  contains  from  92  to  93  percent,  of  sulphur,  and  7  to  8  of  ni- 
trogen- 

Seieniurct  of  Phosphorus  may  be  made  in  the  same  manner  as  sulphuret  of 
phorus.    It  is  very  fusible  and  decomposes  water  when  digested  in  it. 
Sutphuret  of  NUrogcn  is  formed  by  the  reaction  of  chloride  of  sulphur  on  a 
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Chap-  IT. 

CHAPTER  IV. 

METALS. 

Section  I.    General  Properties,  and  Combinations. 

793.  Many  of  the  metals  have  been  long  known,  while  some  hate 
Number.    ^en  recently  discovered.    There  are  fortytwo  bodies  of  this  class; 

they  are  incapable  of  being  resolved  into  more  simple  parts,  and  are 
therefore  regarded  as  elementary.  Most  of  them  are  remarkable  for 
their  specific  gravity ;  they  are  conductors  of  electricity  and  beat, 
they  are  positive  electrics,  opaque,  possess  a  peculiar  lustre,  and  are 
in  general  good  reflectors  of  light. 

794.  The  following  table  contains  their  names,  date  of  discovery, 
specific  gravity  at  60°  F.,  and  symbols. 


Names  of  Metals. 

Dates  of  tha  Discovery. 

• 

Specific  Gravity. 

Symb. 

Gold,          til. ' 

• 

19  257 

• 

An. 

Silver,  to. 

• 

10  474 

• 

Iron,  to. 
Copper,  to. 

»*••*« 

• 

7  788 

• 

Fe. 

► 

■         •         ■        B         I  * 

• 

R  Mi 

• 

Cu. 

Mercury, 

•  ••••• 

A  O .  U  DO          .  . 

• 

mm 

Hg- 

Lead,  to. 

11  352 

Ala  wi#4t              B>  a 

Pb. 

Tin,  to. 

a 

• 

Sn. 

Antimony, 

.    .    1490   .'  .* 

6.702      .  . 

» 

Sb. 

Bismuth, 

.    .    1530   .  . 

• 

9.S22      .  . 

• 

Bi. 

Zinc,  to. 

.  16th  century.  . 

m 

6.861  to  7.1 

• 

Zn. 

Arsenic,  \ 

!  !  1733  !  ' 

• 

6.8843    .  . 

• 

As 

Cohalt,  \ 

• 

7.834      .  . 

• 

Co. 

Platinum,  to. 

!  !  iT4i  !  ! 

• 

20.93       .  . 

• 

Pt. 

Nickel,  to. 

.    .    1751    .  . 

8.279      .  . 

Ni. 

Manganese, 

.    .    1774   .  . 

8.013      .  . 

• 

Ma. 

Tungsten, 

Tellurium, 

Molybdenum, 

.    .    1781    .  . 

17.6         .  . 

• 

w. 

.    .    1788    .  . 

• 

6.115      .  . 

• 

.    .    1782   .  . 

• 

8.615  to  8.636 

■ 

Mo. 

Uranium, 

■    .    1789   .  . 

• 

9.000      .  . 

• 

u. 

Titanium, 

.    .    1791    .  . 

5.3         .  . 

• 

Ti. 

Chromium, 

.    .    1797   .  . 

• 

5+         •  • 

• 

Cr. 

Columbium, 

Ta. 

Palladium,  to.  > 
Rhodium,  ) 

'    '    1803   '  ' 

11.3  to  11.8  . 

• 

• 

Pd. 
R. 

Iridium, 

•    .    1803   '.  '. 

• 

18.68  '.    .'  *. 

• 

Ir. 

Osmium, 

•    .    1S03   .  . 

• 

..... 

• 

Os. 

Cerium, 

.    .    1804    .  . 

• 



• 

Ce. 

Potassium,  m.  ] 

•••••• 

• 

0.865     .  . 

Na. 

Sodium,  to. 

•••••• 

• 

0.972     .  . 

Barium, 

Ba. 

Strontium, 

Sr. 

Calcium,  J 
Cadmium,  to. 

• 

Ca. 

.    .    1818   .  . 

■ 

8.604      .  . 

Cd. 

Lithium, 

L. 

Zirconium, 

Zr. 

Aluminium,  ) 

Al. 

Glucinium,  > 

G. 

Yttrium,  ) 

Y. 

Thorium, 

.    .    1829   .  . 

Th. 

Magnesium 

Hg. 

Vanadium 

v. 

Latanium, 

.    .    1639   .  . 

a 

I        •        •        ■  * 

tion  of  ammonia.  It  is  a  colourless  powder.  Its  alcoholic  solution  gives  with  potasss 
a  fine  purple  colour  which  is  fugitife.  It  contain!  from  92  to  93  per  cent  of  sulphor, 
and  7  or  8  of  nitrogen.  T. 
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795.  Malleability  and  ductility  are  important  properties  of  metals.*   Sect,  r. 
Those  metals  which  are  remarkable  for  ductility  are  gold,  silver, 
platinum,  iron,  and  copper. 

796.  The  metals  also  differ  in  tenacity,  in  which  property  iron 
surpasses  all  others.    Their  hardness  also  varies,  some  as  titanium,  Tenacity, 
iron,  &c,  are  very  hard ;  others,  as  lead,  are  soft,  and  a  few,  as  po- 
tassium, yield  to  the  pressure  of  the  fingers. 

797.  Some  of  the  malleable  and  ductile  metals  have,  also,  a  high 
degree  of  elasticity.    This  property  fits  them  for  being  applied  to  Elasticity 
the  mechanical  purpose  of  springs.    Steel  and  iron  are  in  this  re- 
spect, superior  to  all  other  metals.    Upon  the  properties  of  elasticity 

and  hardness,  appears  also  to  depend  that  of  fitness  for  exciting 
sound. 

798.  Many  of  the  metals  have  a  distinct  crystalline  structure,  and 

not  only  occur  in  nature  in  distinct  crystals,  but  can  be  obtained  in  Structure, 
that  slate  by  careful  fusion  and  cooling. 

Thus  bismuth,  melted  in  a  crucible,  and  suffered  to  cool,  becomes 
covered  with  a  crust,  and  when  this  is  pierced,  and  the  fluid  be-  Cry*talli- 
neath  allowed  to  flow  out,  the  cavity  is  found  studded  with  beautiful-  zauoo. 
ly  regular  cubic  crystals. 

799.  Metals,  with  the  exception  of  mercury,  are  solid  at  common 
temperatures  ;  but  they  may  all  be  liquefied  by  heat.    The  degree  Fusibility 
at  which  they  fuse,  or  their  point  of  fusion,  is  very  different  for  dif-  of  Metals, 
ferent  metals,  as  appears  from  the  following  table. 

Table  of  the  Fusibility  of  different  Metah. 

Fahr. 

Different  cbemi'ts. 
Gay-Lussac  and  Thenard. 
Stromeyer. 

Fasible  below  a  Crichton. 


Infuaihle  below  a 
red 


773 


Potassium  .  . 
Sodium 
Cadmium  . 
Tin,  . 
Bismuth 
Lead  . 

Tellurium  —  rather 

fusible  than  lead. 
Arsenic— undetermined. 
Zinc  .... 
Antimony  a  litUe  b*low 

a  red  beat. 
Silrer 
Copper 

Oota  .... 
Iron,  cost 
Iron,  malleable 
Mamjanese 
Cobalt— rather 

silile  than  iron. 
Nickel— nearly  the  same  as  cobalt. 
Pnllarlium 


Darnell. 


:  :  \ 

lesa  fu- 


1873 
1996 
2016 
2786 

Requiring  the  highest  heal  of  a 
smith's  forge. 


Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium 

Iridium 

Rhodium 

Platinum 

Columbium 


Almost  infusible,  and  not 
to  be  procured  in  but- 
tons by  the  heat  of  a 
smith's  forge. 


■ 

J 


Fusible  be- 
fore the  oxy- 
hydrogen 
blowpipe. 


Infusible  in  the  heat  of  a  smith's  forqe,  but 
fusible  before  the  oxy-hydrogen  blow  pipe- 


•The  malleable  metals  are  designated  in  the  table  by  the  letter  m.,  to  which  may 
b*  added  frozen  mercury. 
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Volatile. 

Action  of 
metals  up 


other. 
Alloys. 


Amalgams. 


Characters 
of  alloys. 


Chap.  iv.  800.  Some  metals  are  volatilized  by  heat,  others  may  be  exposed 
to  the  intense  heat  of  a  wind  furnace  without  being  raised  in  va- 
pour. 

The  metals  may  for  the  most  part  be  combined  with  each  other, 
forming  a  very  important  class  of  compounds,  the  metallic  alloys. 

The  word  alloy  is  a  general  term  for  all  combinations  of  metals 
with  each  other ;  and  the  specific  name  is  derived  from  that  of  the 
metal,  which  prevails  in  the  compound.  Thus  in  the  alloy  of  gold 
toith  silver,  the  gold  is  to  be  understood  as  being  in  greatest  propor- 
tion ;  in  the  alloy  of  silver  with  gola\  the  silver  is  the  principal  in- 
gredient.# 

The  compounds  of  mercury  with  other  metals,  at  a  very  early  pe- 
riod of  chemistry,  were  called  amalgams,  and  the  term  is  still  retained. 

801.  When  metals  are  alloyed  their  properties  are  more  or  less 
affected. 

1.  We  observe  a  change  in  the  ductility,  malleability,  hardness, 
and  colour.  Malleability  and  ductility,  are  usually  impaired,  and 
often  in  a  remarkable  degree. 

2.  The  specific  gravity  of  an  alloy  is  rarely  the  mean  of  its  com- 
ponent parts  ;  in  some  cases  an  increase,  in  others  a  diminution  of 
density  having  taken  place. 

3.  The  fusibility  of  an  alloy  is  generally  greater  than  that  of  its 
components. 

4.  Alloys  are  generally  more  oxidizable  than  their  constituents, 
taken  singly. 

802.  The  metals,  although  they  readily  unite  with  the  elementary 
substances,  are  little  disposed  to  combine  in  the  metallic  stale,  with 
compound  bodies,  such  as  an  oxide  or  an  acid.  Their  union  with 
the  simple  non-metallic  substances,  such  as  oxygen,  chlorine,  and 
sulphur,  gives  rise  to  new  bodies  in  which  the  metallic  character  is 
wholly  wanting.  In  all  these  combinations  the  tendency  to  unite  in 
definite  proportions  is  conspicuous ;  the  chemical  changes  are  regu- 
lated by  the  same  general  laws  already  described,  and  the  same 
nomenclature  is  applicable. 

803.  Metals  are  of  a  combustible  nature ;  that  is,  they  are  not 
only  susceptible  of  slow  oxidation,  but,  under  favorable  circumstan- 
ces, they  unite  rapidly  with  oxygen,  giving  rise  to  all  the  phenomena 
of  real  combustion.  Zinc  burns  with  a  brilliant  (lame  when  heated 
to  full  redness  in  the  open  air ;  iron  emits  vivid  scintillations  on  be- 
ing inflamed  in  an  atmosphere  of  oxygen  gas;  and  the  least  oxida- 
ble  metals,  such  as  gold  and  platinum,  scintillate  in  a  similar  man- 
ner when  heated  by  the  oxy-hydrogen  blow-pipe. 

804.  The  product  either  of  the  slow  or  rapid  oxidation  of  a  met- 
al, when  heated  in  the  air,  has  an  earthy  aspect,  and  was  called  a 


Union  with 
other  bo- 


Combusli- 
ble. 


Product. 


*  Various  processes  are  adopted  in  the  formation  of  alloys  depending  upon  the  na- 
ture of  the  metals.  Many  are  prepared  by  simply  fusing  the  two  metals  in  a  cot- 
ered  crucible  ;  but  if  there  be  a  considerable  difference  in  the  specific  gravity  of  the 
metals,  the  heavier  will  often  subside,  and  the  lower  part  of  the  bar  or  ingot,  will 
differ  in  composition  from  the  upper  ;  this  may  be  prevented  by  agitating  the  alloy 
till  it  solidifies. 

When  one  of  the  metals  is  very  volatile,  it  should  generally  be  added  to  the  other 
after  its  fusion  ;  and  if  both  metals  be  volatile,  they  may  be  sometimes  united  by  dis- 
tilling them  together. 
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calx  by  the  older  chemists,  the  process  of  forming  it  being  expressed  s*ct  i 
by  the  term  calcination.  Another  method  of  oxidizing  metals  is  by 
deflagration  ;  that  is,  by  mixing  them  with  nitrate  or  chlorate  of  po- 
tassa,  and  projecting  the  mixture  into  a  red-hot  crucible.  Most  met- 
als may  be  oxidized  by  digestion  in  nitric  acid ;  and  nitro-hydro- 
chloric  acid  is  an  oxidizing  agent  of  still  greater  power. 

S05.  Some  metals  unite  with  oxygen  in  one  proportion  only,  but  Union  with 
most  of  them  have  two  or  three  degrees  of  oxidation.  Metals  differ  oxygw' 
remarkably  in  their  relative  forces  of  attraction  for  oxygen.  Potas- 
sium and  sodium,  for  example,  are  oxidized  by  mere  exposure  to  the 
air;  and  they  decompose  water  at  all  temperatures,  the  instant  they 
come  in  contact  with  it.  Iron  and  copper  may  be  preserved  in  dry 
air  without  change,  nor  can  they  decompose  water  at  common  tem- 
peratures; but  they  are  both  slowly  oxidized  by  exposure  to  a  moist 
atmosphere,  and  combine  rapidly  with  oxygen  when  heated  to  red- 
ness in  the  open  air.  Iron  has  a  stronger  affinity  for  oxygen  than 
copper  ;  for  the  former  decomposes  water  at  a  red  heat,  whereas  the 
latter  cannot  produce  that  effect.  Mercury  is  less  inclined  than  cop- 
per to  unite  with  oxygen.  Thus  it  may  be  exposed  without  change 
to  the  influence  of  a  moist  atmosphere.  At  a  temperature  of  650° 
or  700°  it  is  oxidized  ;  but  at  a  red  heat  it  is  reduced  to  the  metallic 
state,  while  oxide  of  copper  can  sustain  the  strongest  heat  of  a  blast 
furnace  without  losing  its  oxygen.  The  affinity  of  gold  for  oxygen 
is  still  weaker  than  that  of  mercury ;  for  it  will  bear  the  most  "in- 
tense heat  of  our  furnaces  without  oxidation. 

806.  Metallic  oxides  may  be  reduced  to  the  metallic  state  by  heat  Reduction 
alone,  by  the  united  agency  of  heat  and  combustible  matter,  as  in  xide8, 
metallurgy  when  metals  are  extracted  from  their  ores  with  the  aid  of 
charcoal,  ice.,  by  galvanism,  and  by  the  action  of  deoxidizing  agents 
on  metallic  solutions,  as  when  one  metal  is  precipitated  by  another. 

To  a  solution  of  the  nitrate  of  oxide  of  silver,  add  a  small  quantity  of  £xp. 
mercury,  the  silver  will  be  thrown  down  in  a  metallic  form,  and  oxide  of  mer- 
cury be  dissolved  in  the  nitric  acid  and  water. 

From  this  solution  the  mercury  may  be  separated  by  placing  in  it  a  polished 
rod  of  copper,  and  a  solution  of  nitrate  of  oxide  of  copper  will  be  obtained,  from 
which  the  copper  may  be  precipitated  by  a  rod  of  iron. 

907.  Metals,  like  the  simple  non-metallic  bodies,  may  give  rise  to  Acids  from 
oxides  or  acids  by  combining  with  oxygen.    The  former  are  the  nwtala. 
most  frequent  products.   The  acids  contain  a  larger  quantity  of  oxy- 
gen than  the  oxides  of  the  same  metal. 

808.  Many  of  the  metallic  oxides  have  the  properly  of  combining  Oxide*  and 
with  acids.    In  some  instances  all  the  oxides  of  a  metal  are  capable  ,cids- 
of  forming  salts  with  acids,  as  is  exemplified  by  the  oxides  of  iron  ; 
bat,  generally,  the  protoxide  is  the  sole  alkaline  or  salifiable  base. 
Most  of  the  metallic  oxides  are  insoluble  in  water.    Oxides  some- 
times unite  with  each  other  and  form  definite  compounds. 

SO 9.  The  metals  combine  with  chlorine,  and  the  compounds  are  Action  or 
termed  chlorides.  In  some  instances  the  application  of  heat  is  re- chloric- 
quired  ;  the  combination  is  in  some  cases  slow  and  in  others  rapid* 
attended  with  the  evolution  of  light.  The  attraction  of  chlo- 
rine for  the  metals  is  superior  to  that  of  oxygen  ;  hence  when 
chlorine  is  brought  into  contact  with  their  oxides,  the  oxygen  is  libe- 
rated and  a  chloride  of  the  metal  is  obtained,  the  elements  of  which 
29 
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^>»p-  iv»  are  so  strongly  united,  that  in  some  cases  they  are  not  separated  by 
intense  heat. 

Character*     810.  The  metallic  chlorides  are  mostly  solid  at  common  tempera- 
rides0      tures,  fusible,  and  susceptible  of  crystallization;  several  of  them  are 
volatile  ;  most  of  them  are  soluble.    They  are  of  nearly  all  colours. 
811.  The  chlorides  of  the  common  metals  are  decomposed  at  a  red 
■ition" «0    neat      hydrogen  gas,  hydrochloric  acid  being  disengaged  and  the 
metal  set  free.    When  in  solution  they  may  be  recognised  by  yield- 
ing with  nitrate  of  oxide  of  silver  a  white  precipitate,  which  is  chlo- 
ride of  silver.    Several  of  them  decompose  water,  giving  rise  to  the 
formation  of  hydrochloric  acid  and  an  oxide  (617),  or  in  some  cases 
to  a  hydrochloride.* 
Procured.      812.  Metallic  chlorides  are  frequently  procured  by  dissolving  me- 
tallic oxides  in  hydrochloric  acid,  evaporating  to  dryness,  and  apply- 
ing heat  so  long  as  any  water  is  expelled. 

813.  The  same  metal  often  forms  more  than  one  compound  with 
chlorine,  and  these  compounds  are  designated  as  the  oxides. 

814.  Iodine  has  a  strong  attraction  for  metals  ;  and  most  of  the 
iodine  °^  compounds  which  it  forms  with  them  sustain  a  red  heat  in  close  ves- 
sels without  decomposition.  But  in  the  degree  of  its  affinity  for  me- 
tallic substances  it  is  inferior  to  chlorine  and  oxygen.  The  metallic 
iodides  are  generated  under  circumstances  analogous  to  those  men- 
tioned for  procuring  the  chlorides. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or  sus- 
pended in  water,  is  precisely  analogous  to  that  of  chlorine.  On 
adding  iodine  to  a  solution  of  the  pure  alkalies  or  alkaline  earths, 
an  iodide  and  iodate  are  generated. 
Ofbromine,  815.  Bromine,  in  its  affinity  for  metallic  substances,  is  intermedi- 
ate between  chlorine  and  iodine  ;  for  while  chlorine  disengages 
bromine  from  its  combination  with  metals,  metallic  iodides  are  de- 
composed by  bromine.  The  same  phenomena  attend  the  union  of 
bromine  with  metals,  as  accompany  the  formation  of  metallic  chlo- 
rides. 

Of  fluorine,     The  nature  of  the  action  of  fluorine  upon  the  metals  is  im- 
perfectly known ;  it  exerts  an  extremely  powerful  affinity  for  them, 
which  is  the  great  obstacle  to  obtaining  it  in  an  insulated  form. 
Of  mlphur.    816.  Sulphur  has  a  strong  tendency  to  unite  with  metals.  The 
metallic  sulphur tts  are  in  some  cases  formed  by  heating  the  melal 
with  sulphur  ;  in  others,  by  decomposing  the  sulphates  ;  and  in  oth- 
ers, by  the  action  of  hydrosulphuric  acid.    The  sulphurets  are  in 
general  brittle;  some  have  a  metallic  lustre;  others  are  without  lus- 
tre.   Some  are  soluble,  others  insoluble  in  water. 
Action  of      817.  Most  of  the  protosulphtirets  support  an  intense  heat  without 
heat  on sul- decomposition;  but,  in  general,  those  which  contain  more  than  one 
phureu.     equivalent  of  sulphur,  lose  part  of  it  when  strongly  heated.  They 
are  all  decomposed  without  exception  by  exposure  to  the  combined 
agency  of  air  or  oxygen  gas  and  heat;  and  the  products  depend  en- 
tirely on  the  degree  of  heat  and  the  nature  of  the  metal.    The  action 


*  A  difference  of  opinion  exists  among  chemists  as  to  the  action  of  the  chlorides  upon 
water,  some  supposing  them  to  become  hydrochlorates  when  dissolved,  others  main- 
tain that  some  metallic  chlorides  dissolve  as  such.  The  latter  opinion  has  been  adopt- 
ed by  Turner  from  considerations  for  which  see  his  Elements,  272.  See  alao 
I.  370. 
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of  heat  and  air  in  decomposing  metallic  sulpburets  is  the  basis  of 
several  metallurgic  processes.  The  metallic  bases  of  the  alkalies 
and  alkaline  earths  agree  with  the  common  metals  in  their  disposi- 
tion to  unite  with  sulphur. 

818.  If  a  sulphate  be  decomposed  by  hydrogen  or  charcoal,  or  Decomposi- 
sulphur  ignited  with  an  alkali  or  alkaline  earth,  a  metallic  sulphuret  t,onof 

is  always  the  product.    Direct  combination  between  sulphur  and  a  ' 
metallic  oxide  is  a  very  rare  occurrence,  nor  has  the  existence  of 
such  a  compound  been  clearly  established.* 

819.  The  metallic  seUniurets  have  a  resemblance  in  their  chemi-  Seleniums, 
cal  relations  to  the  sulphurets.    They  may  be  prepared  either  by 
bringing  selenium  in  contact  with  the  metals  at  a  high  temperature, 

or  by  the  action  of  hydroselenic  acid  on  metallic  solutions. t 

820.  Phosphorus  combines  with  the  greater  number  of  the  metals,  jjfjj^y 
forming  a  series  of  metallic  phosphurets.  There  are  three  methods 
of  forming  them  ;  either  by  heating  a  mixture  of  phosphorus  and  the 
metal,  or  projecting  phosphorus  upon  the  metal  previously  heated  to 
redness  ;  or  by  healing  a  mixture  of  the  metal  or  its  oxide,  with 
phosphoric  acid  and  charcoal,  or  by  passing  phosphuretted  hydrogen 
over  the  heated  metallic  oxide.  These  phosphurets  have  a  metallic 
lustre  ;  if  they  contain  a  difficultly  fusible  metal  they  ore  more  fusi- 
ble than  the  metal  they  contain  ;  if  an  easily  fusible  metal,  less  so.t 

821.  When  phosphorus  is  introduced  into  the  solutions  of  those 
metals  which  have  but  a  feeble  attraction  for  oxygen,  it  reduces 
them  to  the  metallic  state.  Thus  gold,  silver,  and  platinum  are 
thrown  down  by  immersing  a  stick  of  phosphorus  into  their  respec- 
tive solutions. 

822.  Carbon  unites  to  very  few  of  the  metals,  and  of  the  metallic  Actioo  or 
carburets,  one  only  is  of  importance,  namely,  carburet  of  iron,  or  c*rboo» 
steel. 

823.  Hydrogen  forms  compounds  with  but  a  few  of  the  metals,  Of  hydro- 
which  are  termed  hydrogurets  or  hydrurets. 

824.  The  metals  may,  for  the  most  part,  be  combined  with  each  Action  of 
other,  forming  a  very  important  class  of  compounds,  the  metallic  al-  metals  on 
Imp.    Various  processes  are  adopted  in  the  formation  of  alloys  de-       °' ,er* 
pending  upon  the  nature  of  the  metals.    Many  are  prepared  by  0,s, 
simply  fusing  the  two  metals  in  a  covered  crucible;  but  if  there  be  a 
considerable  difference  in  their  specific  gravity,  the  heavier  will  sub- 
side, and  the  lower  part  of  the  bar  or  ingot  will  differ  in  composition 

from  the  upper  ;  this  may  be  to  a  great  extent  prevented  by  agitating 
the  alloy  till  it  solidifies. 

825.  Where  one  of  the  metals  is  very  volatile,  it  should  be  added  ofTolatile 
to  the  other  after  its  fusion  :  and  if  both  metals  be  volatile,  they  may  metals, 
be  sometimes  united  by  distilling  them  together. 

82b'  Metals  appear  to  unite  with  one  another  in  every  proportion,  Union  in 
thus  there  is  no  limit  to  the  number  of  alloys  of  gold  and  copper.    It  d^D'J® 
is  certain,  however,  that  metals  have  a  tendency  to  combine  in  defi-  KIT? 

•  See  Tomer,  p.  270. 

t  For  the  different  opinion*  in  regard  to  these  compounds  see  IbkL,  p  272. 

tPhn*phorus  id  said  to  unite  with  metallic  oxide*,  as  when  phosphurct  of  lime  it 
said  to  be  formed  by  passing  the  vapour  of  phosphorus  over  lime  at  a  low  red  heat } 
tat  it  is  probable  that  part  of  the  metallic  oxide  is  decomposed,  aud  that  phosphurct 
of  calcium  and  phosphate  ol  lune  are  formed.  T. 
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chjh>-  iv.  nite  proportions ;  for  severul  atomic  compounds  of  this  kind  occur 
native.* 

Character*     827.  When  metals  are  alloyed  they  undergo  great  change  of  pro- 
of alloy*,    pepties,  iheir  malleability  and  ductility  are  usually  impaired,  and 
the  colours  changed.    The  hardness  is  in  general  increased,  and  the 
elasticity  and  sonorousness  frequently  improved.    The  specific  gra- 
vity of  an  alloy  is  rarely  the  mean  of  its  component  parts,  sometimes 
greater  and  sometimes  less.t    The  fusibility  of  an  alloy  is  generally 
greater  than  that  of  its  components.  Thus  platinum,  when  alloyed  with 
arsenic  is  very  fusible,  and  an  alloy  of  8  parts  of  bismuth,  5  of  lead, 
and  3  of  tin  liquefies  at  212°. 
Oxidation      828.  Alloys  are  generally  more  oxidizable  than  their  constituents, 
oy*'   taken  singly ;  a  property  which  is,  perhaps,  partly  referable  to  the 
formation  of  an  electrical  combination.    Thus  the  oxidability  of  zinc 
is  increased  by  the  presence  of  small  quantities  of  iron. 
Action  of      599,  The  action  of  acids  upon  alloys  may  generally  be  anticipated 
actda.       Dy  n  knowledge  of  their  effects  upon  the  constituent  metals;  but  if  a 
soluble  metal  be  alloyed  with  an  insoluble  one,  the  former  is  often 

{>rotected  by  the  latter  from  the  action  of  the  acid.  Thus,  silver,  al- 
oyed  with  a  large  quantity  of  gold,  resists  the  action  of  nitric  acid 
in  consequence  of  the  insolubility  of  the  latter  metal  in  that  acid; 
and  in  order  to  render  it  soluble,  it  should  form  about  one  fourth 
part  of  the  alloy.    B.  I.  Ms, 

830.  To  those  alloys  of  which  mercury  is  a  constituent  the  term 
amalgam  is  applied. 
Classiflca-     831.  The  metals  maybe  divided  into  two  classes,  viz:  1,  those 
tion  of  met- which  by  oxidation  yield  alkalies  or  earths,  and,  2,  those  the  oxides 
of  which  are  neither  alkalies  nor  earths.    These  classes  may  be 
subdivided  as  follows  : 
lit  order,  Metals  that  decompose  cold  water  at  the  moment  of  contact, 

combining  with  its  oxygen  and  liberating  hydrogen.    The  resulting 
oxides  are  caustic,  soluble  in  water,  and  possess  alkaline  properties. 
They  are  called  alkalies,  and  their  metallic  bases  alkaline  or  alkali- 
genoui  metals.    They  are,  Potassium,  Sodium,  Lithium. 
.  2d.  Metallic  bases  of  the  alkaline  earths.    These,  with  the  excep- 

tion of  magnesium,  decompose  water  at  common  temperatures.  They 
are,  Barium.  Strontium,  Calcium,  Magnesium. 
3d  3d.  Metallic  bases  of  the  pure  earths.    Aluminium,  Yttrium.  Zir- 

conium, Glucinium,  Thorium. 

The  seoond  class  includes  the  greater  number  of  the  metals. 
They  unite  with  oxygen,  generally  in  more  than  one  proportion. 
Their  protoxides  have  an  earthy  appearance,  but  with  lew  excep- 
tions are  coloured,  and  are  insoluble  in  water.  Most  of  them  act  as 
salifiable  bases  in  uniting  with  acids,  and  forming  salts  ;  but  in  this 
respect  they  are  much  inferior  to  the  alkalies  and  alkaline  earths,  by 
which  they  may  be  separated  from  their  combinations.  Several  of 
these  metals  are  capable  of  forming  with  oxygen,  compounds,  whtch 
the  characters  of  acids.    They  may  be  arranged  as  follows : 


♦Thif  view  is  supported  by  late  experiments  of  Kudberg,  Ann.  Jc  Ch.  et  d*  Pky 

xlviii.  363.    T.  398. 

t  For*  table  exhibiting  taia  see  Thenard  Trmid  <U  Chim. 
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1.  Metals  which  decompose  water  at  a  red  heat.    They  are  seven  _^cx.J}1 

in  number ;  namely,  Subdm- 

Manganeee,  Cadmium,  Cobalt, 

Iron,  Tin,  Nickel, 

Zinc. 

2.  Metals  which  do  not  decompose  water  at  any  temperature,  Hnd 

ihe  oxides  of  which  are  not  reduced  to  the  metallic  state  by  the  sole 

action  of  heat.    Of  these  there  are  fourteen  in  number ;  namely, 

Arsenic,  Columbium,  Titanium, 

Antimony,  Tellurium, 


Vanadium,  Uranium,  Copper, 

Molybdenum,  Cerium,  Lead. 

Bismuth, 


3.  Metals,  the  oxides  of  which  are  reduced  to  the  metallic  state  by 

a  red  beat.    Those  are 

Mercury,  Platinum,  Osmium, 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium,  T. 


exist- 


Section  II.    Metallic  Bases  of  the  Alkalies. 

832.  Potassium,  K.  eq.  39.15,  was  discovered  in  1807  by  Davy.* 
He  obtained  it  by  submitting  caustic  potassa,  or  potash,  to  thenction 
of  Voltaic  electricity  :  the  metal  was  slowly  evolved  at  the  negative 

pole*  .  _ 

From  the  facts  which  have  become  known  respecting  the  powers  ju 

of  electrical  decomposition,  it  appeared  to  be  a  natural  inference, ,  ncc  how 

that  the  same  powers  applied  in  a  state  of  the  highest  intensity,  inferred. 

might  disunite  the  elements  of  some  bodies,  which  had  resisted  all 

other  instruments  of  analysis. 

833.  In  his  first  experiments,  Davy  failed  to  effect  the  decompo^i-  payy*.  ex-. 
tion  of  potassa,  owing  to  his  employing  the  alkali  in  a  state  of  aque-  perimeuts.' 
ous  solution,  and  to  the  consequent  expenditure  of  the  electrical 

enerey  in  the  mere  decomposition  of  water. 
SM.  The  chief  difficulty  in  subjecting  potassa  to  electrical  action      .  .  , 

.  r     \     \    3  .J.or.  .  -  Method  of 

is,  that,  in  a  perfectly  dry  state,  it  is  a  complete  non-conductor  of  obtaining 
electricity.    When  rendered,  however,  in  the  least  degree  moist  by  potassium 
breathing  on  it,  it  readily  undergoes  fusion  and  decomposition,  by  7 cIcclr,cl- 
the  application  of  strong  electrical  powers. 

For  this  purpose,  a  piece  of  potassa,  weighing  from  60  to  70  grains,  may  be 
placed  on  a  small  insulated  plate  of  platinum,  and  may  be  connected,  in  the  w  ay 
already  described,  with  the  opposite  end  of  a  battery,  containing  not  less  than 
100  pairs  of  six  inch  plates.  On  establishing  the  connexion,  the  potassa  will  fuse 
it  both  places,  where  it  is  in  contact  with  the  platinum.  A  violent  effervescence 
will  be  seen  at  the  upper  surface,  arising  from  the  escape  of  oxygen  gas.  At 
the  lower  or  negative  surface,  no  gas  wilt  be  liberated  ;  but  small  bubbles  will 
■ppear,  having^.!  high  metallic  lustre,  and  being  precisely  similar  in  visible  cha- 

Some  of  these  globules  burn  with  an  explosion  and  bright  flame  ; 

others  are  merely  tarnished,  and  are  protected  from  further 
ange  by  a  white  film,  which  forms  on  their  surface. 
This  production  of  metallic  globules  is  entirely  independent  of  the  m^T^"S0<,• 

♦  Phil.  Tram.  1608. 
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Chap,  iv.  action  of  the  atmosphere ;  for  Davy  found,  that  they  may  be  pro- 
duced in  vacuo. 

How  pro  835.  To  preserve  this  new  substance,  it  is  necessary  to  immerse 
•erred.      jt  immediately  in  a  fluid  which  does  not  afford  oxygen.    If  exposed 

to  the  atmosphere  it  is  rapidly  converted  back  again  into  the  state  of 

pure  potassa. 

836.  Nothing  could  be  more  satisfactory  than  the  evidence  fur- 
nished by  Davy's  experiments,  of  the  nature  of  one  of  the  fixed  alka- 
lies. We  have  the  evidence,  both  of  analysis  and  synthesis,  that 
potassa  is  a  compound  of  oxygen  with  a  peculiar  inflammable  basis. 
Reasons  for  837.  In  assigning  to  this  newly  discovered  substance  a  fit  place 
U°araeiain^  among  the  objects  of  chemistry,  Davy  was  induced  to  class  it  among 
the  metals,  because  it  agrees  with  them  in  opacity,  lustre,  malleabi- 
lity, conducting  powers  as  to  heat  and  electricity,  and  in  its  qualities 
of  chemical  combination. 

838.  In  giving  names  to  the  alkaline  bases,  that  termination  was 
adopted  which,  by  common  consent,  has  been  applied  to  other  newly 
discovered  metals.  The  base  of  potassa  was  called  potassium,  and 
the  base  of  soda  sodium  ;  and  these  names  have  met  with  universal 
acceptation. 

Other  pro-     839.  It  is  not,  however,  by  electrical  means  only  that  the  decom- 
obtaining    Position  of  potassa  has  been  accomplished.    Soon  after  Davy's  dis- 
potassmm.  coveries  were  known  at  Paris,  Gay-Lussac  and  Thenard  succeeded  in 
their  attempts  to  decompose  both  the  fixed  alkalies,  without  the  aid 
of  a  Voltaic  apparatus,  merely  by  the  intervention  of  chemical  affini- 
ties.   Their  process,  though  it  affords  the  alkaline  bases  of  less  pu- 
rity, yields  them  in  much  larger  quantity,  than  the  electrical  analysis. 
It  consists  in  bringing  the  alkalies  into  contact  with  intensely  heated 
iron,  which,  at  this  temperature,  attracts  oxygen  more  strongly  than 
the  alkaline  base  retains  it. 
Coraudau's.     Potassium  may  also  be  prepared,  as  first  noticed  by  Curaudau,  by 
'  mixing  dry  carbonate  of  potassa  with  half  its  weight  of  powdered 
charcoal,  and  exposing  the  mixture,  contained  in  a  gun-barrel  or 
spheroidal  iron  bottle,  to  a  strong  heat.    An  improvement  on  both 
processes  has  been  made  by  Brunner,  who  decomposes  potassa  by 
means  of  iron  and  charcoal.    From  eight  ounces  of  fused  carbonate 
of  potassa,  six  ounces  of  iron  filings,  and  two  ounces  of  charcoal 
mixed  intimately  and  heated  in  an  iron  bottle,  he  obtained  140  grains 
of  potassium.* 

Wohler's.  A  modification  of  this  process  has  been  described  by  Wohler,  who 
effects  the  decomposition  of  the  potassa  solely  by  means  of  charcoal. 
The  material  employed  for  the  purpose  is  carbonate  of  potassa,  pre- 
pared by  heating  cream  of  tartar  to  redness  in  a  covered  crucible. t 

Properties.  84°-  Potassium  is  a  white  metal  of  great  lustre.  It  exists  in 
small  globules,  which  possess  the  opacity,  and  general  appearance  of 
mercury  ;  so  that  when  a  globule  of  mercury  is  placed  near  one  of 
potassium  the  eye  can  discover  no  difference  between  them.    It  to- 


*  Quart.  Jour.  xt.  379.  See  also  Henry's  Chcm.  to!,  i.  Hare  in  Amcr.  Jour.  xxit. 
12,  an<]  Gale'*  method  ibid,  xxi.  60.  Very  full  practical  directions  are  gm 


312,  and  Gale'*  method  ibid,  xxi.  60.  Very  full  practical  directions  are  gircn  in  Reid  s 
Ele.  o/Prae.  Oiem.  p.  221. 

t  Pog^endorfPs  Annalen,  ir.  23,  and  Brande's  Jour.  xxii. 


Digitized  by  Googl 


Protoxide  of  Potassium — Potassa.  231 

saintly  tarnishes  by  exposure  to  air.    It  is  ductile,  and  of  the  con-   »■>«.  h. 
sistency  of  soft  wax. 

Its  specific  gravity  is  0.865.  At  150°  it  enters  into  perfect  fusion ; 
and  at  a  bright  red  heat  rises  in  vapour.  At  32"  it  is  a  hard  and 
brittle  solid.  If  heated  in  air  it  burns  with  a  brilliant  white  flame. 
It  is  an  excellent  conductor  of  electricity  and  of  heat. 

S41.  Its  most  prominent  chemical  property  is  its  great  affinity  for  Prominent 
oxygen.    It  oxidizes  rapidly  in  the  air,  or  by  contact  with  fluids  character, 
which  contain  oxygen.    On  this  account  it  must  be  preserved  either 
in  glass  tubes  hermetically  sealed,  or  under  the  surface  of  liquids, 
of  which  oxygen  is  not  an  element,  such  as  naptha,  or  what  is  better 
tbe  essential  oil  of  copaiva. 

842.  If  heated  in  the  open  air,  it  takes  fire  and  burns  with  a  pur-  Decompo- 
ple  flame  and  great  evolution  of  heat.  It  decomposes  water  on  the  •* 
instant  of  touching  it,  and  so  much  heat  is  disengaged,  that  the  po- 
tassium is  inflamed,  and  burns  vividly  while  swimming  upon  its 
surface.  The  hydrogen  unites  with  a  little  potassium  at  the  moment 
of  separation  ;  and  this  compound  takes  fire  as  it  escapes,  and  thus 
augments  the  brilliancy  of  the  combustion.  When  potassium  is 
plunged  under  water,  violent  reaction  ensues,  but  without  light,  and 
pure  hydrogen  gas  is  evolved. 

Take  a  small  piece  of  potassium,  remove  the  naptha  adhering  to  it  by  blotting  £xp> 
paper,  and  drop  it  into  water  ;  after  the  combustion,  add  to  the  water  infusion  of 
purple  cabbage,  which  will  become  green. 
Place  another  piece  upon  a  lump  of  ire,  the  same  action  takes  place.  Exp. 
Gunpowder  may  be  ignited  by  placing  upon  it  a  piece  of  potassium  and  touch-  ^xp. 
in*  the  metal  with  a  drop  of  water  on  a  rod,  or  witli  ice. 

Introduce  a  piece  of  the  metal,  wrapped  up  in  paper,  quickly  into  n  test  tube  Exp. 
inverted  in  and  full  of  water.    It  will  nso  to  the  top,  and  when  the  water  reaches 
it  through  the  paper,  it  will  be  decomposed  and  hydrogen  be  found  in  the  upper 
part  of  the  tube,  which  may  be  inflamed  in  the  usual  way. 

A  small  piece  may  be  dropped  into  a  little  sulphuric  acid,  contained  in  ajar  3  Exp. 
or  4  inches  in  diameter  and  about  10  or  12  inches  deep  i  potassa  is  formed  and 
beat  and  light  are  at  the  same  time  evolved.    Care  must  be  taken  that  none  of 
tbe  acid  is  thrown  into  the  eyes. 

Put  4  grains  of  iodine  into  a  test  tube  about  4  or  5  inches  long,  throw  a  grain  Exp. 
cf  potassium  upon  it,  and  hold  the  sealed  end  of  the  tube  for  a  second  or  two  in 
tbe  flame  of  a  spirit  lamp.    The  iodine  and  potassium  will  rapidly  combine  with 
a  brilliant  light.    The  hand  should  be  protected  with  a  glove  as  the  tube  is  usu- 
ally broken. 

A  similar  experiment  may  be  made  with  half  a  grain  of  sulphur  and  a  grain  of  Exp. 


843.  The  combining  weight  or  equivalent  of  potassium  is  easily  Eq^aiem. 
deduced  from  the  composition  of  potassa  and  chloride  of  potassium, 

which  are  admitted  to  consist  of  single  equivalents  of  their  elements. 
Berzelius  analyzed  chloride  of  potassium  by  means  of  nitrate  of  oxide 
of  silver,  and  inferred  that  39.15  is  the  equivalent  of  potassium. 

Compounds  of  Potassium. 

844.  Protoxide  of  Potassium — Potash,  or  Potassa,  K-f-O,  R  or  protoxjde 
KO,  39.15  1  eq.  potas.  -j-  6  1  eq.  oxy.  =  47.15  equiv.,  is  formed  or  potassa. 
when  potassium  is  put  into  water,  or  exposed  to  dry  air  or  oxygen 

gas  ;  formed  in  the  latter  way  it  is  anhydrous.  It  is  a  white  caus- 
tic solid,  fusing  at  a  temperature  above  redness,  and  not  decomposed 
by  the  heat  of  a  wind  furnace.    It  has  a  great  affinity  for  water. 
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c^p.  iv.     845.  There  are  three  compounds,  containing  each  1  eq.  of  po- 
Protoby-    tassa  with  1.3  and  5  eq.  of  water  respectively.    The  Protohydrate 
drate,  Arc.   js  caustic  potash,  potassa  fusa  of  the  London  pharmacopoeia.    It  was 
formerly  called  lapis  causticus.    It  is  solid  at  common  temperatures, 
is  highly  deliquescent,  and  requires  about  half  its  weight  of  water  for 
solution.    It  is  soluble  in  alcohol.    Its  sp.  gr.  is  1.706.    In  surgery 
Use         it  is  used  as  a  caustic,  and  is  prepared  by  evaporating  the  aqueous 
solution  and  casting  it  in  moulds.    In  this  state  it  is  impure.    It  is 
Purified,    purified  by  solution  in  alcohol,  and  evaporation  to  the  consistence  of 
oil  in  a  vessel  of  pure  silver,  which  should  be  done  expeditiously  to 
avoid  the  absorption  of  carbonic  acid.* 

846.  Potassa  thus  purified  is  white,  very  acrid  and  corrosive,  and 
Pure  pot-  at  a  bright  red  heat  evaporates  in  the  form  of  white  acrid  smoke.  It 
assa         quickly  absorbs  moisture  and  carbonic  acid  from  the  air.    It  is  highly 

alkaline,  and  being  exclusively  procured  from  vegetables  was  for- 
merly called  vegetable  alkali.  When  touched  with  moist  fingers  it 
has  a  soapy  feel,  in  consequence  of  its  action  upon  the  cuticle.  In 
Character!,  the  fused  state  it  produces  heat  when  dissolved  in  water ;  but  in  its 
crystallized  state  it  excites  considerable  cold,  especially  when  mixed 
with  snow.  At  a  natural  temperature  of  30°,  Lowitz  found  that 
equal  weights  of  crystallized  potassa  and  snow  depressed  the  ther- 
mometer to  45°. 

847.  Potassa  may  be  distinguished  from  all  other  substances  by 
how  dis  f°^ovvm2  characters.  If  tartaric  acid  be  added  in  excess  to  a 
linguished.  sa'1      potassa  dissolved  in  water,  and  the  solution  be  stirred  with  a 

glass  rod,  a  white  precipitate,  the  bitartrate  of  potassa,  soon  appears, 
which  forms  peculiar  white  streaks  upon  the  glass  by  the  pressure  of 
the  rod  in  stirring.  A  solution  of  chloride  of  platinum  causes  a  yel- 
low precipitate,  the  double  chloride  of  platinum  and  potassium.  Al- 
coholic solution  of  carbazotic  acid  throws  down  potassa  in  yellowish 
crystals  of  carbazotate  of  potassa,  which  is  very  sparingly  soluble. 

i^par.tioo  »f  *  To  prepare  pore  potash,  carbonate  of  potash  may  be  dissolved  by  robbing  it  with 
four  limes  its  weight  of  water  in  an  earthen  mortar  ;  the  solution  is  then  decanted,  and 
mixed  with  a  quantity  nf  newly  slaked  lime  equal  in  weight  to  the  carbonate  employed, 
hoilin?  it  for  a  few  minutes,  and  then  filtering.  To  avoid  absorption  of  carbonic  acid 
from  the  air,  the  best  method  is  to  use  a  funnel,  with  a  narrow  mouth,  which  may  ea- 
sily be  closed  by  a  cork  or  stopper,  and  putting  a  small  tube  through  the  throat  of  the 
funnel,  placing  pieces  of  quartz  or  broken  j^lass  round  it,  and  covering  it  with  linen,  so 
that  while  the  solution  of  potassa  is  droppiug  into  the  bottle  below,  air  passes  through 
the  tube  at  the  same  time  from  the  lower  to  the  upper  vessel  and  supplies  its  place. 
This  method,  proposed  by  Duncan  is  an  excellent  substitute  for  a  more  complicated 
apparatus.  When  a  common  funnel  i*  employed,  it  should  l»e  covered  with  a  plate  or 
tin  tray,  and  a  towel  thrown  over  the  whole,  (Reid.)  For  an  apparatus  devised  by  Do- 
novan for  this  purpose,  sec  Turner's  Elements,  p.  279.  As  part  of  the  solution  of  po- 
tassa adheres  to  the  lime,  a  small  quantity  of  water  is  to  be  poured  on  the  top  of  what 
remains  in  the  funnel  after  it  has  ceased  to  drop ;  the  water  presses  upon  the  liquid  it 
still  contains,  and  causes  it  to  pass  slowly  into  the  receiver  below.  This  is  continued  till 
a  quantity  of  liquid  is  obtained  equal  to  5  or  6  timea  the  weight  of  the  salt  employed. 
It  must  be  kept  in  glass  bottles  with  good  stoppers. 

If  the  liquid  contains  little  carbonic  acid,  it  will  give  a  very  slight  precipitate  with 
lime  water,  and  scarcely  any  effervescence  will  be  seen  with  sulphuric  acid.  The 
potash  may  be  separated  from  the  water  by  adding  to  the  solution  au  equal  quantity  of 
alcohol,  in  a  large  well  stopped  bottle,  and  shaking  them  together.  After  rrposr  the 
alcohol  floats  aliove,  holding  the  potash  in  solution  and  is  to  be  poured  off.  From 
the  alcoholic  solution  the  potash  is  obtained  by  rapid  evaporation  in  a  retort  when  it  is 
desirable  to  save  the  alcohol,  or  in  an  evaporating  dish  when  not  »o.  Or  ihe  fused 
potash  may  b<«  dissolved  qt  once  in  alcohol  and  the  solution,  after  standing,  be 
ed,  evaporated,  and  fused  as  before. 
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• 

This  is  the  most  delicate  test  in  a  solution  of  pure  potassa ;  but  Sect.  11. 
when  the  alkali  is  combined  with  a  strong  acid,  the  chloride  of  plat-  Test  of. 
inum  is  preferable.* 

848.  Chloride  of  Potassium,  K+Cl  or  KC1,  39.15  1  eq.  potas.  + 
35.42  1  eq.  chlor.  =  74.57  equiv.,  is  formed  when  potassium  bums 
in  chlorine  gas,  and  when  it  is  heated  in  hydrochloric  acid  gas.  It 
is  also  the  residuum  after  the  decomposition  of  chlorate  of  potassa 
by  heat.  It  is  formed  when  potassa  is  dissolved  in  a  solution  of 
hydrochloric  acid.  It  was  formerly  called  salt  of  Sylvius  and  regen- 
erated sea  salt.  It  crystallizes  in  cubes,  and  has  a  saline  and  bitter 
taste. 

849.  Iodide  of  Potassium,  K+I  or  KI,  39.15  1  eq.  potas.  +  126.3 

1  eq.  iod.  =  165.45  equiv.,  is  formed  when  potassium  is  heated  in 

contact  with  iodine. 

It  may  be  prepared  by  adding  iodine  to  a  hot  solution  of  pure  potassa  until  the 
alkali  is  neutralized,  evaporating  to  dryness  and  exposing  the  dry  mass  in  a  plat- 
inum crucible  to  a  gentle  red  beat.  The  fused  mass  is  dissolved  out  by  water 
and  crystallized. 


850.  It  fuses  and  rises  in  vapour  at  a  heat  below  redness,  is  solu- 
ble in  two  thirds  its  weight  of  water  at  60°.  Its  solution  in  alcohol 
yields  colourless  cubic  crystals. 

It  should  be  purchased  in  crystals,  which  ought  not  to  deliquesce 
in  a  moderately  dry  air,  and  in  powder  should  be  completely  soluble 
in  the  strongest  alcohol. t 

S51.  Hydrogen  and  Potassium  unite  in  two  proportions,  forming  ~J tlroSen 
in  one  case  a  solid  and  in  the  other  a  gaseous  compound.    The  lat-  sjom. 
ter  is  produced  when  hydrate  of  potassa  is  decomposed  by  iron  at  a 
white  heat.    It  inflames  spontaneously  in  air  or  oxygen  gas. 

The  solid  hydruret  of  potassium  was  made  by  Gay-Lussac  and 
Thenard,  by  heating  potassium  in  hydrogen  gas.  It  does  not  in- 
flame spontaneously  in  oxygen  gas.  X 

852.  Sulphurets  of  Potassium. — Potassium  unites  readily  with  Sulphureta, 
sulphur  by  the  aid  of  gentle  heat,  emitting  so  much  heat  that  the 
mass  becomes  incandescent.    The  nature  of  the  product  depends 

*  Turner. 

t  Teroxide  of  Potassium,  K+SO,  K  or  KO»  39.15  I  eq.  potas.  +  24  3  eq.  oxy.  as 
63.15  equiv.,  is  formed  when  potassium  is  burnt  in  the  open  air  or  in  oxygen  gas. 
It  is  tbe  residue  of  the  decomposition  of  niire  by  heat  in  metallic  vessels ;  provided 
the  temperature  be  kept  up  sufficiently  long.  When  water  is  added  to  it  oxygen 
escapes  with  effervescence,  and  it  passes  to  tne  state  of  potassa  which  is  dissolved.* 

Bromide  of  Potassium,  K-f  Br  or  KBr.,  39.15  1  eq.  potas.  +  78.4  I  eq.  oxy.  =3 
117.65  equiv.  This  compound  is  formed  by  processes  similar  to  that  for  preparing 
the  iodide,  and  is  analogous  to  it  in  most  of  its  properties.  It  is  but  slightly 
soluble  in  alcohol. 

Fluoride  of  Potassium,  K+F,  or  KF.  39.15  1  eq.  potas.  +  18.68  I  eq.  fluor. 
=  57.83  equjv.,  is  best  formed  by  nearly  saturating  hydrofluoric  acid  with  carbonate 
of  potassa,  evaporating  to  dryness  in  platinum,  and  igniting  to  expel  any  excess  of 
acid.  It  may  be  obtained  in  cubes  or  rectangular  four-sided  prisms,  which  deliquesce 
rapidly.    The  solution  acts  on  glass  in  which  it  is  kept  or  evaporated. 

*  Carburet  of  Potassium  has  not  been  obtained  in  a  pure  state  ;  but  it  is  thought 

the  preparation  of  potassium  from  charcoal,  (|»ge  230). 


to  form  part  of  the  residue  in 

*  Bridges  of  Philadelphia,  has  sulfated  this  as  a  convenient  method  of 
pa   Sm  Turner*  Elm.  280,  and  JV.  A  Med  ami  Surg.  Jour.  r.  241. 
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Chap  iv.  on  the  proportions  which  are  employed.    The  protosulphuret  is 
readily  prepared  by  decomposing  sulphate  of  potassa  by  charcoal  or 
hydrogen  gas  at  a  red  heat. 
Proto  Protosulphuret  of  Potassium,  K+S  or  K$,  39.15  1  eq.  potas. 

-f-  16.1  1  eq.  sulp.  =  55.26  equiv.,  fuses  below  a  red  heat,  and 
acquires  on  cooling  a  crystalline  texture.  It  has  a  red  colour,  de- 
liquesces on  exposure  to  the  air,  and  is  soluble  in  water  and  alcohol. 
It  takes  fire  when  heated  before  the  blow-pipe,  and  quickly  acquires 
a  coaling  of  sulphate  of  potassa,  which  stops  the  combustion;  but 
when  mixed  in  fine  division  with  charcoal,  it  kindles  spontaneously, 
forming  a  good  pyrophorus.* 

Tersulphuret  of  Potassium,  K+3S  or  KS',  39.15  1  eq.  potas. 
'  +  48.3  3  eq.  sulp.  =  87.45  equiv.,  is  prepared  pure  by  transmit- 
ting the  vapour  of  bisulphuret  of  carbon  over  carbonate  of  potassa 
at  a  red  heat,  as  long  as  carbonic  acid  or  carbonic  oxide  gases  are 
'  disengaged.  It  is  also  formed  when  carbonate  of  potassa  is  heated 
to  low  redness  with  half  its  weight  of  sulphur,  until  the  mass  ap- 
pears in  tranquil  fusion.t    This  is  known  as  liver  of  sulphur. 

Sodium. 

0 

Symb.  Na    Equiv.  23.3 

853.  Sodium  discovered  by  Davy   in  1808,  is  obtained  from 
of  sodium.  8°da  by  an  operation  analogous  to  that  for  procuring  potassium 

from  potassa.  (832.)  It  is  soft,  easily  sectile,  white  and  opaque,  and 
when  examined  utider  a  thin  film  of  naptha  has  the  lustre  and  gen- 
eral appearance  of  silver. 

854.  It  is  exceedingly  malleable,  and  much  softer  than  any  of  the 
Properties.  cornmon  metallic  substances.    When  pressed  upon  by  a  platinum 

blade  with  a  small  force  it  spreads  into  thin  leaves  ;  and  a  globule 
of  7yh  or  -jJsyth  of  an  inch  in  diameter  is  easily  spread  over  a  sur- 
face of  a  quarter  of  an  inch.  This  property  is  not  diminished  by 
cooling  it  to  32°  F.  Several  globules,  also,  may,  by  strong  pres- 
sure, be  forced  into  one ;  so  that  the  property  of  welding,  which  be- 

*  Bisulphuret  of  Potassium,  K+2S  or  KS*.  39.15  1  eq.  potas.  -f  32.2  2  eq.  sulp. 
r=  71. 35  equiv.,  is  formed  by  exposing  a  saturated  solution  in  alcohol  of  hydro- 
sulphate  of  sulphuret  of  potassium  (KS+HS),  until  a  pellicle  begins  to  form  upon 
its  surface,  and  then  evaporating  to  dryness  without  further  exposure. 

t  Quadrosulphurei  of  Potassium,  K+4S  or  KS4,  39.15  1  eq.  potas.  -f  64.4  4  eq. 
=  103.55  equiv.,  is  prepared  by  transmitting  the  vapour  of  bisulphuret  of  carbon  over 
sulphate  of  potassa  at  a  red  heat,  until  carbonic  acid  gas  ceases  to  be  disengaged. 


PhoaphartU. 


Quintosulphuret  of  Potassium ,  K+5S  or  KS5,  39.15  1  eq.  potas.  +  60-5  5  eq. 
sulp.  =  119.65  equiv.,  is  formed  by  fusing  carbonate  of  potassa  with  its  own  weight 
of  sulphur,  the  residue  containing  sulphate  of  potassa  as  in  preparing  the  tersulphuret. 

These  four  last  sulphurets  are  deliquescent  in  the  air,  have  a  sulphurous  odour, 
and  are  soluble  in  water ;  and  those  who  consider  them  to  decompose  water  in  dis- 
solving, suppose  the  formation  of  corresponding  compounds  of  hydrogen  and  sul- 
phur. 

Phosphurets  of  Potassium.— When  potassium  is  heated  in  phosphurctted  hydro- 
gen gas,  it  takes  fire,  pbosphuret  of  potassium  is  formed,  and  hydrogen  set  free  ■  and 
combination  is  also  effected  by  gently  heating  phosphorus  with  potassium.  The 
number  and  proportion  of  these  compounds  have  not  yet  been  determined. 

Seleniurets  of  Potassium. — These  element*  unite  when  fused  together,  sometimes 
with  explosive  violence,  forming  a  crystalline  fusible  compoand  of  an  iron -gray  col- 
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longs  to  platinum  and  iron  at  a  high  degree  of  heat  only,  is  pos — — — 
sessed  by  this  substance  at  common  temperatures. 

It  is  lighter  than  water;  as  near  as  can  be  determined,  its  specific 
gravity  is  as  0.972  to  1. 

855.  It  is  much  less  fusible  than  the  base  of  potassa.  At  120°  Fusibility. 
F.,  it  begins  to  lose  its  cohesion,  and  is  a  perfect  fluid  at  200°. 

S56.  When  sodium  is  exposed  to  the  atmosphere,  it  immediately  Effect  of 
tarnishes,  and  by  degrees  becomes  covered  with  a  white  crust  of  **r, 
soda,  which  deliquiates  more  slowly  than  that  formed  on  potassium. 
It  is  not  changed,  however,  by  air  that  has  been  artificially  dried. 

857.  It  combines  with  oxygen,  slowly  and  without  luminous  a p- of  oxygen, 
pearance,  at  all  common  temperatures.  When  heated  to  its  fusing 
point,  the  combination  becomes  more  rapid ;  but  no  light  is  emitted 
till  it  becomes  nearly  red  hot.  The  flame  which  it  then  produces, 
is  white,  and  it  sends  forth  bright  sparks,  exhibiting  a  very  beautiful 
effect.  In  common  air,  it  burns  with  a  similar  colour  to  charcoal, 
bat  with  much  greater  splendour. 

559.  When  thrown  on  cold  water,  it  swims,  and  is  rapidly  oxi-  Action  on 
dized,  though  in  general,  without  inflaming,  but  with  hot  water  it 
scintillates,  or  even  takes  fire.    If  the  sodium  is  confined  to  one 

spot  and  the  water  rests  on  a  non-conducting  substance,  as  charcoal, 
the  heat  rises  high  enough  for  inflammation.*  In  each  case  soda  is 
formed,  and  the  water  acquires  an  alkaline  reaction. 

859.  Its  action  on  alcohol,  ether,  volatile  oil,  and  acids,  is  similar  Qn  aleohoj 
to  that  of  potassium  ;  but  with  nitric  acid  a  vivid  inflammation  is  0  ' 

produced. 

560.  Protoxide  of  Sodium,  Na+O,  Na  or  Nao,  23.3  1  eq.  sod.  Protoxide, 
-f»fl  1  eq.  oxy.  =  31.3  equiv.,  commonly  called  soda,  and  by  the  °*  BO<l»» 
Germans  natron,  is  formed  by  the  oxidation  of  sodium  in  air  and  wa- 
ter, as  potassa  is  from  potassium.  In  its  anhydrous  state  it  is  a  gray 

solid,  difficult  of  fusion,  and  very  similar  in  its  characters  to  potassa. 
With  water  it  forms  a  solid  hydrate,  easily  fusible  by  heat,  very 
caustic,  soluble  in  water  and  alcohol,  has  powerful  alkaline  proper- 
ties, and  in  all  its  chemical  relations  is  exceedingly  analogous  to  po- 
tassa. It  is  prepared  from  the  solution  of  pure  soda,  in  the  same 
manner  as  the  corresponding  preparation  of  potassa.  The  solid  hy- 
drate is  composed  of  31.3  parts  or  one  equivalent  of  soda,  and  9 
parts  or  1  equivalent  of  water. 

961.  Soda  is  readily  distinguished  from  other  alkaline  bases  by  Distio- 
the  following  characters.  1.  It  yields  with  sulphuric  acid  a  stilt,  Kul»hed- 
which  by  its  taste  and  form  is  easily  recognised  as  Glauber's  salt, 
or  sulphate  of  soda.  2.  All  its  salts  are  soluble  in  water,  and  are 
ooi  precipitated  by  any  reagent.  3.  On  exposing  its  salts  by  means 
of  platinum  wire  to  the  blow-pipe  flame,  they  communicate  to  it  a 
rich  yellow  colour. 

862.  Setquiozide  of  Sodium,  2Na+30  Na,  or  Naa03,  46.6  2 

eq.  sod.  -|-  24  3  eq.  oxy.  =  70.6  equiv.,  is  formed  when  sodium  is 
beated  to  redness  in  an  excess  of  oxygen  gas.  It  has  an  orange 
colour,  has  neither  acid  nor  alkaline  properties,  and  is  resolved  by 
water  into  soda  and  oxygen. 

*  Ducatel  in  Amer.  Jour,  xxt-  90. 
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chap,  iv.  863.  Chloride  of  Sodium,  Na+Cl  or  NaCl,  23.3  1  eq.  sod.  + 
Chloride,  35.42  1  eq.  chlor.  =  68.72  equiv.  Sodium,  when  heated  in  chlorine, 
burns  and  produces  a  white  compound,  of  a  pure  saline  flavour. 
It  may  also  be  formed  by  heating  sodium  strongly  in  hydrochloric 
acid  gas ;  the  hydrogen  of  which  is  liberated,  while  the  chlorine 
combines  with  the  metal. 
How  ob-  OrM*  Or  it  may  be  formed  by  saturating  carbonate  or  hydrate  of 
tained.  soda  with  hydrochloric  acid,  and  evaporating  the  liquid,  which  yields 
chloride  of  sodium  in  a  solid  form.  This  chloride,  also,  is  an  abun- 
dant product  of  nature,  being  that  well  known  substance,  common 
salt.  For  purposes  of  experiment,  the  common  salt  may  be  em- 
ployed which  is  to  be  found  in  the  shops.  This  may  be  purified,  by 
adding  to  a  solution  of  it  in  water  a  solution  of  carbonate  of  soda,  as 
long  as  any  milkiness  ensues ;  filtering  the  solution,  and  evaporating 
it  till  it  crystallizes. 
Common  865.  It  crystallizes  in  6olid  regular  cubes,  or,  by  hasty  evapora- 
•sit.  tion,  in  hollow  quadrangular  pyramids,  which,  when  the  salt  is  pure, 
are  but  little  changed  by  exposure  to  the  air.  The  common  salt  of 
the  shops,  however,  being  impure,  acquires  an  increase  of  weight,  in 
consequence  of  the  absorption  of  moisture.  The  various  forms  un- 
der which  it  appears,  of  stoved  salt,  fishery  salt,  bay  salt,  &c.  arise 
from  modifications  in  the  size  and  compactness  of  the  grain,  rather 
than  from  any  essential  difference  of  chemical  composition.  Com- 
mon salt  always  contains  small  quantities  of  sulphate  of  magnesia 
and  lime,  and  chloride  of  magnesium.  These  may  be  precipitated 
as  carbonates  by  boiling  a  solution  of  salt  for  a  few  minutes  with  a 
slight  excess  of  carbonate  of  soda,  filtering  the  liquid  and  neutraliz- 
ing with  hydrochloric  acid. 

866.  It  requires  for  solution,  twice  and  a  half  its  weight  of  water, 
0  l00,    at  60°  F.,  and  hot  water  takes  up  very  little  more.    Hence  its  solu- 

tion  crystallizes,  not  like  that  of  nitre,  by  cooling,  but  by  evaporation. 
When  heated  gradually  it  fuses,  and  forms,  when  cold,  a  solid  com- 
pact mass.  If  suddenly  heated  as  by  throwing  it  on  red-hot  coals,  it 
decrepitates.    Its  uses  are  well  known.41 

867.  Protosulphuret  of  Sodium.  Na+S,  or  NaS,  23.3  1  eq.  sod. 
+16.1  1  eq.  sulph  =  39.4  equiv.  The  protosulphuret  is  obtained 
by  processes  similar  to  those  for  protosulphuret  of  potassium,  to 
which  in  its  taste  and  chemical  relations  it  is  very  similar. t 


»  Iodide  of  Sodium.  Na+I,  or  Nal,  23.3  1  eq.  sod.+  126.3  1  eq.  iod. =149.6  eqoit. 
Obtained  pure  by  processes  similar  to  those  for  preparing  iodide  of  potassium  ;  bat 
it  is  contained  in  sea-water,  in  many  salt  springs,  and  in  the  residual  liquor  from  kelp 
(673). 

Bromide  of  Sodium.  Na+Br,  or  NaBr,  23.3  t  eq.  sod.  +  78.4  1  eq.  brom.  =  101-7 
equiT.  This  compound  is  very  analogous  to  sea-salt,  and  is  associated  with  it  in  sea- 
water  and  roost  salt  springs. 

Fluoride  of  Sodium.  Na+F,  or  NaF,  23.3  1  eq.  sod. +  18.68  1  eq.  flu.  =41-98 
equiT.  This  compound  is  formed  by  neutralizing  hydrofluoric  acid  by  soda,  and  by 
igniting  the  double  fluoride  of  sodium  and  silicon,  when  the  fluoride  of  silicon  is  ex- 
pelled. 

•According  to  Gmelin  of  Tubingen,  sulphuret  of  sodium  is  the  colouring  principle 
of  lapis  lazuli,  to  which  the  colour  of  ultra-marine  is  owing ;  and  he  has  succeeded  in 
preparing  artificial  ultra-marine  by  beating  sulphuret  of  sodium  with  a  mixture  of  sili- 
cic acid  and  alumina.  Ann.  deCh.eldt  Ph.  xxxrii.  409. 
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Lithium.  111 

Symb.  L.     Equip.  6.44. 

868.  In  the  year  1818,  in  the  analysis  of  a  mineral  called  petalite,  Discovery. 
Arfwedson  discovered  about  three  per  cent,  of  an  alkaline  substance, 

which  was  at  first  supposed  to  be  soda ;  but,  the  further  prosecution 
of  his  inquiries  fully  demonstrated  that  it  possessed  peculiar  proper- 
ties. The  minerals  called  spodumene,  and  lepidolite,  also  afford  the 
same  substance,  to  which  the  term  lithia,  deduced  from  its  lapideous 
original  has  been  applied. 

869.  For  preparing  lithia, 

One  part  of  petalite  or  spodumene,  in  fine  powder,  is  intimately  mixed  with  Method  of 
two  part*  of  fluor  spar,  and  the  mixture  is  heated  with  three  or  four  times  its  obtaining 
weight  of  sulphuric  acid,  as  long  as  any  acid  vapours  are  disengaged.  The  silicic  lithia. 
acia  of  the  mineral  is  attacked  by  hydrofluoric  acid,  and  is  dissipated  in  the  form 
tA  fluo*ilicic  acid  gas,  while  the  alumina  and  lithia  unite  with  sulphuric  acid. 
After  dissolving  these  salts  in  water,  the  solution  is  boiled  with  pure  ammonia  to 
precipitate  the  alumina,  filtered,  e\aporated  to  dryness  and  then  heated  to  red- 
new  to  expel  the  sulphate  of  ammonia.   The  residue  is  sulphate  of  lithia  * 
T.  28fi. 

870.  When  lithia  is  submitted  to  the  action  of  the  Voltaic  pile,  it  Action  of 
is  decomposed  with  the  same  phenomena  as  potassa  and  soda ;  a  &^fani*,n' 
brilliant  white  and  highly  combustible  metallic  substance  is  separat- 
ed, which  is  lithium. 

871.  Lithia.    L+O,  L,  or  LO,  6.44  1  eq.  lith.+  8  1  eq.  oxy.  =  D»t»- 
14.44  equiv.    Lithia  is  allied  to  potassa  and  soda,  but  distinguished 

by  its  greater  jjeutralizing  power,  by  its  salts  tinging  the  flame  of  theaa.fcc. 
blow-pipe  of  a  red  colour.    It  attacks  platinum  when  fused  upon  it, 
leaving  a  dull  yellow  trace.    It  is  distinguished  from  baryta,  strontia 
and  lime  by  forming  soluble  salts  with  sulphuric  and  oxalic  acids.t 


Section  III.    Metallic  Bases  of  the  Alkaline  Earths. 

872.  Barium%  Ba.  eo.  68.7,  was  discovered  by  Davy,  in  1808,  by  Barium; 
means  of  galvanism.  He  placed  a  globule  of  mercury  in  a  hollow  ducoTerT- 
made  in  a  paste  of  carbonate  of  baryta,  on  a  platinum  tray  commu- 
nicating with  the  positive  pole  of  a  battery  of  100  double  plates, 
while  the  negative  wire  was  in  contact  with  the  mercury.  The 
baryta  was  decomposed,  and  its  barium  combined  with  mercury. 
An  amalgam  was  obtained,  from  which  the  mercury  was  separated 
by  beat  in  a  vessel  free  from  air,  and  barium  was  left  in  a  pure  form. 

$73.  It  is  a  dark  gray  colored  metal,  with  a  lustre  inferior  to  that  Properties. 


*  For  other  methods  see  Henry's  Chemistry,  1.  579. 

t  For  an  analysis  of  lithion  micas  and  the  distinguishing  properties  of  lithia.  see 
Tomer's  papers,  Edin.  Jour.  iii.  137, 261,  &c.  ;  and  for  Berzelius'  method  ol  disco- 
wine  labia  in  any  solution,  see  Edin.  PhiU*.  Jour.  iv.  128. 

Chhridt  of  Lithium.  L+CL,  or  LCI,  6.44  t  eq.  lith.  +  36.42  1  eq.  ehlo.  =  41.86 
squiv. 

Fluoride  of  Lithium.   L+F,  or  LF,  6.44  I  eq.  luh.  + 16-68  t  eq.  flu.  =26.12  equiv. 
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Ch»p-  *v-  of  cast-iron.  It  is  far  denser  than  water  and  sinks  in  sulphuric  acid. 
It  greedily  absorbs  oxygen  and  is  converted  into  baryta. 

Protoxide.     874.  Protoxide  of  Barium,  Ba+O,  Ba,  or  BaO,  6a7  1  eq.  bar. 

+  8  1  eq.  oxy.  =  76.7  equiv.,  Barytes,  or  Baryta,  so  called  from 
the  great  density  of  its  compounds,  (from  P**Q$s,  heavy,)  was  disco- 
vered in  the  year  1744  by  Scheele.  It  is  the  sole  production  of  the 
oxidation  of  barium  in  air  and  water.  It  is  obtained  by  exposing  the 
crystals  of  nitrate  of  baryta  for  some  time  to  a  bright  red  heat.  It 
may  also  be  obtained  by  decomposing  the  native  carbonate  of  baryta. 

How  ob-       Lct  this  b0  powdered,  and  pawed  through  a  fine  sieve.   Work  it  op  with  about 

tain  an  equal  bulk  of  wheaten  flour  or  tar  into  a  ball,  adding  a  sufficient  quantity  of 

water.  Fill  a  crucible  of  proper  size,  about  one  third  its  height,  with  powdered 
charcoal ;  place  the  ball  on  this  ;  and  surround  and  cover  it  with  the  same  pow- 
der, so  as  to  prevent  its  coming  into  contact  with  the  sides  of  the  crucible.  Lute 
on  a  cover  ;  and  expose  it,  for  two  hours,  to  the  most  violent  heat  that  can  be 
raised  in  a  wind  furnace.  Let  the  ball  be  removed  when  cold.  On  the  addition 
of  water,  it  will  evolve  great  heat,  and  the  baryta  will  be  dissolved.  The  fil- 
tered soluOon,  on  cooling,  will  shoot  into  beautiful  crystals.* 

Properties.  875.  Baryta  is  of  a  gray  colour,  and  very  difficult  of  fusion.  •  Its 
sp.  gr.  is  about  4,  being  the  heaviest  of  the  substances  usually  called 
earths.  It  eagerly  absorbs  water,  and  slakes  like  lime.  A  white 
hydrate  is  formed,  composed  of  76.7  parts,  1  eq.  of  baryta,  and  9 
parts  or  1  eq.  of  water. 

876.  Hydrate  of  baryta  dissolves  in  three  times  its  weight  of  boil- 
ing water,  and  in  twenty  parts  of  water  at  the  temperature  of  60°  F.t 
A  saturated  solution  of  baryta  in  boiling  water  deposits,  in  cooling, 
transparent,  flattened  prismatic  crystals,  which  are  composed  of  76.7 
parts  or  one  equivalent  of  baryta,  and  90  parts  or  10  equivalents  of 
water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the  presence 
of  carbonic  acid  in  the  atmosphere  or  in  other  gaseous  mixtures. 
The  carbonic  acid  unites  with  the  baryta,  and  a  white  insoluble  pre- 
cipitate, carbonate  of  baryta,  subsides. 

Affinity  for  Let  a  solution  of  pure  baryta  be  exposed  to  the  atmosphere.  It  will  soon  be 
carbonic  covored  with  a  thin  white  pellicle  ,  which,  when  broken,  will  fall  to  the  bottom 
a  '  of  the  vessel,  and  be  succeeded  by  another.  This  may  bo  continued,  till  the 
whole  of  the  baryta  is  separated.  The  effect  arises  from  the  absorption  of  car- 
bonic acid,  which  is  always  diffused  through  the  atmosphere,  and  which  forma, 
with  baryta,  a  substance,  viz.  carbonate  of  baryta,  much  less  soluble  than  the 
pure  earth. 

Or  if  the  air  from  the  lungs  be  blown,  by  means  of  a  quill,  or  tube,  through  a 
solution  of  baryta,  the  solution  will  immediately  become  milky,  in  consequence 
Exp.         of  the  production  of  an  insoluble  carbonate.    The  same  effect  will  be  produced 
by  mingling  with  a  solution  of  pure  baryta,  a  little  water,  impregnated  with  car- 
bonic acid. 

JJJyilSii  S77*  Baryta  has  so  strong  an  affinity  for  carbonic  acid  as  even  to 
bodies.      take  it  from  other  bodies. 

Exp.  If  to  a  solution  of  a  small  portion  of  carbonate  of  potassa,  of  soda,  or  of  ammo- 

nia we  add  the  solution  of  baryta,  the  earth  will  detach  the  carbonic  acid  from 
the  alkali,  and  will  fall  down  in  the  state  of  a  carbonate.    By  adding  a  sufficient 

Quantity  of  a  solution  of  baryta  in  hot  water,  the  whole  of  the  carbonic  acid  may 
bus  be  removed  from  a  carbonated  alkali.    H.  1.  578. 

Alkaline  87S.  As  baryta,  like  the  alkalies,  converts  vegetable  blues  to 
green,  and  serves  as  an  intermedium  between  oil  and  water,  it  has 

•  For  other  processes  see  SulphaU  and  Nitrate  of  Baryta.  t  Davy. 
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been  called  an  alkaline  earth.    It  has  a  very  acrid,  caustic  taste,  and  nr. 
is  highly  poisonous.    It  exists  in  two  natural  combinations  only,  viz. 
as  sulphate  and  carbonate. 

879.  Peroxide  of  Barium.  Ba-f-20,  or  BaC+GAq,  68.7  1  eq. 
bar.  16  2  eq.  ory.  =  84.7  equiv.  When  dry  oxygen  gas  is  con- 
ducted over  pure  baryta  at  a  low  red  heat  this  oxide  is  formed.  It 
is  employed  in  preparing  peroxide  of  hydrogen,  page  134.  An  easier 
process  is  to  heat  pure  baryta  to  low  redness  in  a  platinum  cruci- 
ble, and  then  gradually  to  add  chlorate  of  potassa  in  the  ratio  of 
about  one  part  of  the  latter  to  four  of  the  former. 

880.  The  oxygen  of  the  chlorate  goes  over  to  the  baryta,  and  Theory 
chloride  of  potassium  is  generated.    Cold  water  removes  the  chlo- 
ride and  the  peroxide  of  barium  is  left  as  a  hydrate  with  6  eq.  of 
water. 

881.  Chloride  of  Barium.    Ba+Cl,  or  BaCl,  68.7  1  eq.  bar.  + 

35.42  1  eq.  chlor.  =  104.12.  Chloride  of  Barium  may  be  obtained  Chloride, 
by  heating  baryta  in  chlorine,  in  which  case  oxygen  is  evolved  :  or, 
more  easily,  by  dissolving  carbonate  of  baryta  in  diluted  hydrochlo- 
ric acid.  When  filtered  and  evaporated,  the  solution  yields  regular 
crystals,  which  have  most  commonly  the  shape  of  flat  four  sided  ta- 
bles, very  like  those  of  heavy  spar.  They  contain  104.12  or  1  eq. 
of  chloride  of  barium  and  18  parts  or  2  eq.  of  water  ;  formula  BaCl 
+2Aq.  100  parts  of  water  dissolve  43.5  at  60°,  and  78  at  222° 
which  is  the  boiling  point  of  the  solution.* 

882.  Protosulphuret  of  Barium,  Ba-f  S  or  Bas,  68.7  1  eq.  bar.  Su|phuret. 
+  16.1  1  eq.  sulp.  =  84.8  equiv.,  is  formed  when  dry  hydrosul- 

phuric  acid  gas  is  passed  over  pure  baryta  at  a  red  heat,  and  by 
the  action  of  hydrogen  gas  or  charcoal  on  sulphate  of  baryta  (818.) 

It  is  very  soluble  in  hot  water,  and  the  solution  supplies  a  ready 
mode  of  obtaining  pure  baryta  and  its  salts,  when  the  carbonate  can- 
not be  obtained.  Thus  its  solution,  boiled  with  black  oxide  of  cop- 
per uduI  it  ceases  to  precipitate  a  salt  of  lead  black,  yields  pure  bary- 
ta, which  should  be  filtered  while  hot  to  separate  the  sulphuret  of 
copper :  it  is  apt  to  retain  traces  of  oxide  of  copper.  With  a  solu- 
tion of  carbonate  of  potassa,  carbonate  of  baryta  falls,  and  sulphuret 
of  potassium  remains  in  solution  ;  and  with  hydrochloric  acid  it  in- 
terchanges elements,  by  which  hydrosulphuric  acid  and  chloride  of 
barium  are  formed.  T. 


Symb.  St   Equiv.  43.8 

883.  This  metal  was  discovered  by  Davy  in  strontia,  by  the  same  Discovery, 
process  as  barium,  which  it  resembles. 

881   Protoxide  of  Strontium,  Sr-f  O,  Sr,  or  SrO,  43.8  1  eq.  Strontia. 
stron.  -f  8  1  eq.  oxy.  =  51.8  equiv.,  or  the  earth  Strontia,  is  so 


•  Iodide  of  Barium.    Ba-f  I,  or  Bal,  68.7  I  eq.  bar.  +  126.3  1  eq.  iod.  =  196  equiv.  WWt. 

Bromide  of  Barium.  Ba+Br,  or  BaBr,  68.7  1  eq.  bar.  +  78.4  1  eq.  brora.  = 
M7.1  eqoiT. 

AWufc  of  Barium.  Ba+F,  or  BaP,  68.7  1  eq.  bat.  +  18.68  1  eq.  ftu.  =  87.38 
•<piv. 
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MtiaXt — Calcium. 


ChAP-  iv.  called  from  Strontian  in  Scotland,  where  it  was  first  discovered  in 
combination  with  carbonic 


How  ob- 


Properties 


Salts. 


It  may  be  prepared  either  by  subjecting  the  carbonate  to  a  strong  beat  in  a 
crucible,  or  by  igniting  the  nitrate  in  a  porcelain  retort  or  other  close  vewel.  A 
gray  substance  remains  which  becomes  very  hot  on  the  affusion  of  water ;  and 
when  more  water  is  added  and  heat  applied,  a  considerable  proportion  of  tbe 
earth  is  dissolved.  On  cooling,  the  solution  deposits  regular  crystals ;  but  the 
shape  of  these  diners  considerably  from  that  of  bury  tic  crystals. 

The  crystals  of  strontia  are  thin  quadrangular  plates. 

885.  The  hydrate  consists  of  51.8  parts  or  1  eq.  of  strontia,  and 
9  parts  or  1  eq.  water.  The  crystals  contain  10  eq.  water  and  1 
strontia.    It  requires  50  times  its  weight  of  water  for  solution. 

886.  Pure  strontia  has  a  pungent,  acrid  taste,  and  when  powder- 
ed in  a  mortar,  the  dust  that  rises  irritates  the  lungs,  and  nostrils. 
Its  specific  gravity  approaches  that  of  baryta. 

887.  The  salts  of  strontia  are  best  prepared  from  the  native  car- 
bonate. Like  those  of  baryta,  they  are  precipitated  by  alkaline  car- 
bonates, and  by  sulphuric  acid  or  soluble  sulphates.  But  sulphate 
of  strontia  is  less  insoluble  than  sulphate  of  baryta :  on  adding  sul- 
phate of  soda  in  excess  to  a  barytic  solution,  baryta  cannot  after- 
wards be  found  in  the  liquid  by  any  precipitant ;  but  when  strontia 
is  thus  treated,  so  much  sulphate  of  strontia  remains  in  solution, 
that  the  filtered  liquid  yields  a  white  precipitate  with  carbonate  of 
soda.  The  salts  of  strontia  are  not  poisonous  ;  and  most  of  them, 
when  heated  on  platinum  wire  before  the  blow-pipe,  communicate 
to  the  flame  a  red  tint.* 

888.  Chloride  of  Strontium,  Sr+Cl,  or  SrCl,  43.8  1  eq.  stron. 
+  35.42  1  eq.  cblor.  —  79.22  equiv.  This  compound  is  formed  by 
processes  similar  to  those  for  preparing  chloride  of  barium,  and  crys- 
tallizes in  colourless  prismatic  crystals,  which  deliquesce  in  a  moist 
atmosphere,  require  only  twice  their  weight  of  water  at  60°  for  so- 
lution, and  still  less  of  boiling  water,  and  are  soluble  in  alcohol. 
The  alcoholic  solution,  when  set  on  fire,  burns  with  a  red  flame. 
These  characters  afford  a  certain  mode  of  distinguishing  strontia 
from  baryta.  The  crystals  consist  of  79.22  parts  or  1  eq.  of  chloride 
of  strontium,  and  81  parts  or  9  eq.  of  water,  which  are  expelled  by 
heat.  The  anhydrous  chloride  fuses  at  a  red  heat,  and  yields  a 
white  crystalline  brittle  mass  on  cooling.t 

Calcium. 

Symb.  Ca      Eq.  20-S 

How  ob-  899.  When  lime  is  electrized  negatively  in  contact  with  mercury, 
t»«wd.      an  amalgam  is  obtained,  which,  by  distillation,  affords  a  white  met- 


Chloride. 


Ptrox  *  Peroxide  of  Strontium,  Sr+20  or  SrOa.  43  8  1  eq.  stron.  +  16  2  eq.  oxy  =  59.3 

equiv.,  is  prepared  in  the  same  way  as  peroxide  of  barium,  and  like  it.  is  resolved 
by  dilute  acids  into  stroutia  and  oxygen,  the  latter  of  which  forms  peroxide  of  hydro- 
gen with  the  water. 

tsdid*  t  Iodide  of  Strontium,  Sr+I,  or  Sri,  43.8  1  eq.  stron.  4  126.3  1  eq.  iod.  =  170.1 

equiv.,  may  be  prepared  in  the  same  manner  as  that  of  barium.  It  is  very  soluble  in 
water. 

Fluoride  of  Strontium  and  Protondphuret  of  Strontium,  Sr+F  or  SrF,  43.8  1  eq. 
stron.  +  18.68  I  eq.  floor.  =  62.48  equiv.  and  Sr+S  or  SrS,  43.8  I  eq.  stron.  +  16.1 
l  eq.  sulp.  =  69.9  equiv.  are  obtained  like  those  of  barium. 
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it.  Ii  has  been  called  calcium,  and  when  exposed  to  air,  and  gently  Sea-  m. 
heated,  it  burns  and  produces  the  oxide  of  calcium  or  lime. 

S90.  Protoxide  of  Calcium,  Ca-f-O,  Ca,  or  CaO,  20.5  1  eq.  calc.  Protoxide 
8  1  eq.  oxy.  =  28.5  equiv.  This  compound,  commonly  known  by  Jrm^ 
the  name  of  lime  and  quicklime,  is  obtained  by  exposing  carbonate 
of  lime  to  a  strong  red  heat,  so  as  to  expel  its  carbonic  acid.  If  lime 
of  great  purity  is  required,  it  should  be  prepared  from  pure  carbonate 
of  lime,  such  as  Iceland  spar  or  Carrara  marble.  Its  colour  is  gray, 
it  is  acrid  and  caustic  ;  its  sp.  gr.  is  about  2.3. 

891.  It  is  very  difficult  of  fusion,  but  remarkably  promotes  the 
fusion  of  most  other  earthy  bodies,  and  is  therefore  used  in  several 
metallurgic  processes  as  a  cheap  and  powerful  flux.  When  quite 
pure  it  can  only  be  fused  in  very  minute  particles  by  the  oxy-hydro- 
gen  blow-pipe,  or  by  the  Voltaic  flame.  It  is  an  essential  ingredient  in  _ 
mortar,  and  other  cements  used  in  building.  Exposed  to  air  it  1 
becomes  white  by  the  absorption  of  water  and  a  little  carbonic  acid. 

892.  It  has  a  powerful  affinity  for  water.    When  a  small  quantity 

of  water  is  poured  upon  lime,  there  is  a  great  rise  of  temperature  . 
resulting  from  the  solidification  of  a  portion  of  the  water,  and  a   y  m"' 
white  powder  is  obtained,  called  slaked  lime,  which  is  a  hydrate,  and 
appears  to  consist  of  one  eq.  water  =  9-f-one  eq.  lime  =  29.5. 

Some  care  is  necessary  in  its  preparation,  lest  more  water  should 
be  added,  than  is  essential  to  its  constitution.  It  affords  a  very  con- 
venient form  of  keeping  lime,  for  occasional  use  in  a  laboratory  ; 
for  the  hydrate  may  safely  be  preserved  in  glass  bottles,  which  are 
almost  constantly  broken  by  the  earth,  if  enclosed  in  its  perfectly 
dry  state. 

893.  The  degree  of  heat  produced  by  the  combination  of  lime  Heat, 
wiih  water,  is  supposed  by  Dallon  to  be  not  less  than  800°,  and  is 
sufficient  to  set  lire  to  some  inflammable  bodies. 

Plire  a  large  lump  of  well  burned  quicklime  on  an  iron  dish  and  add  Exp. 
a  «mal)  quantity  of  water,  a  piece  of  phosphorus  resting  on  it  will  be  ignited. 


When  a  large  quantity  of  lime  is  suddenly  slaked  in  a  dark  place, 
even  light,  according  to  Pelletier,  is  sometimes  evolved. 

894.  When  a  sufficient  quantity  of  water  has  been  added  to  re-  Milk  of 
duce  lime  into  a  thin  liquid,  this  is  colled  milk  or  cream  of  lime.*im*> 
By  the  addition  of  more  water  the  solution  known  as  lime  wafer  Water  of, 
is  obtained.    When  sufficiently  cool  it  should  be  poured  into  a  well 
stopped  bottle  until  the  undissolved  pans  have  subsided,  and  be  then 
decanted  and  kept  from  the  air. 

Lime  is  very  sparingly  soluble  in  water,  viz.  in  the  proportion  of 
about  1  io  778.* 

S9o.  Lime-water  is  limpid  and  colourless ;  its  taste  is  nauseous,  JjTjJJJJ'"" 
acrid,  and  alkaline,  and  it  converts  vegetable  blues  to  green.    When  ° 
exposed  to  the  air,  a  pellicle  of  carbonate  of  lime  forms  upon  its  sur- 
face, which,  if  broken,  is  succeeded  by  others,  until  the  whole  of  the 


•  According  10  Thomson  I  to  758.  The  experiments  of  Dalton  tend  to  establish  a 
carious  fact  respecting  the  solubility  of  lime,  vis.  that  it  dissolves  more  plentifully 
wcold  than  in  hot  water ;  he  found  that  at  60°  V.  778  grains  of  water  dissolve  t  grain 
•flune,  and  at  212°,  1270  grains  were  required.  He  further  infers  that  at  the  frecxing 
Pomt  water  would  proltahly  take  up  nearly  twice  as  much  Lime  aa  is  dissolved  by 
wh«>t  water— this  has  been  confirmed  by  Phillips.— Ann.  Phiht.  N.  8.  ^.  10T. 
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Metals —  Calcium . 

Ch*P  'V*  lime  is  thus  separated  in  the  form  of  an  insoluble  carbonate.  It  is 
used  in  medicine  as  an  antacid,  and  is  a  good  test  of  the  pretence 
of  carbonic  acid  gas. 

Into  transparent  lime  water  pass  carbonic  acid,  or  breathe  into  it  by  means  of 
a  glass  tube,  it  will  become  milky  and  opaque  from  the  formation  of  carbonate 
of  lime.  If  an  excess  of  carbonic  acid  is  added  the  carbonate  is  dissolved  aod 
transparency  restored. 

Test  of.  89fj.  The  most  delicate  test  of  the  presence  of  lime  is  oxalate  of 
ammonia  or  potassa ;  for  of  all  the  salts  of  lime,  the  oxalate  is  tbe 
most  insoluble  in  water.  This  serves  to  distinguish  lime  from  most 
substances,  though  not  from  baryta  and  strontia  ;  because  tbe  oia- 
lates  of  baryta  and  strontia,  especially  the  latter,  are  likewise  spar- 
ingly soluble.* 

Chloride  of    897.  Chloride  of  Calcium,  Ca+Cl,  or  CaCl,  20.5  1  eq.  calc.  + 
calcium.    35.42  I  eq.  chlor.  =  55.92  equiv.,  is  produced  by  heating  lime  in 
chlorine,  in  which  case  oxygen  is  evolved  ;  or  by  evaporating  hydro- 
chlorate  of  lime  to  dryness,  and  exposing  the  dry  mass  to  a  red  heat 
in  close  vessels.    In  this  case  the  hydrochloric  acid  is  decomposed ; 
its  hydrogen  uniting  with  the  oxygen  of  the  lime,  escapes  in  the 
state  of  water ;  and  the  chlorine  unites  with  the  calcium. 
Compoai-      S98#  ^nis  comPound  nas  a  strong  attraction  for  water ;  it  deli- 
tion  and     quesces  when  exposed  to  the  air,  and  becomes  what  used  to  be  cal- 
properties.  led  oil  of  lime.    It  is  difficultly  cry  stall  izable  from  its  aqueous  solu- 
tion ;  with  care,  however,  it  may  be  obtained  in  irregular  prisms, 
consisting  of  55.92  parts  or  1  eq.  of  chloride  of  calcium,  and  54 
parts  or  6  eq.  water.    Its  taste  is  bitter  and  acrid  ;  one  part  of  water 
at  60°  dissolves  four  parts  of  the  chloride.    Its  solubility,  however, 
is  greatly  influenced  by  temperature.    It  is  copiously  soluble  in  al- 
cohol, and  much  heat  is  evolved  during  the  solution.    When  fused 
it  acquires  a  phosphorescent  property  as  was  first  observed  by  Horn- 
Homberg's  berg,  and  is  hence  termed  Homberg's  phosphorus.    It  is  abundantly 
phospho-    produced  in  the  manufacture  of  carbonate  of  ammonia,  from  the 

decomposition  of  hydrochlorate  of  ammonia  by  lime. 
Uses  ^ 's  use(*  f°rfrigorific  mixtures  with  snow,  and  for  this  pur- 

pose the  hydrous  chloride  is  preferable,  prepared  by  evaporating  its 
solution  so  far  that  the  whole  becomes  a  solid  mass  on  removal  from 
the  fire.    It  should  be  kept  in  bottles  well  secured  from  the  air. 

In  its  fused  state  this  compound  is  very  useful  for  drying  certain 
gaseous  bodies,  but  where  the  quantity  of  the  gas  is  to  be  ascertain- 
ed, its  powers  of  absorption  in  certain  cases  must  not  be  overlooked. 

Pelletier  has  stated,  that  if  carbonic  acid  be  passed  through  a  solu- 
tion of  hydrochlorate  of  lime,  the  whole  becomes  a  hard  solid  mass. 
If  sulphuric  acid  be  poured  into  a  strong  solution  of  hydrochlorate  of 
lime,  the  whole  congeals  into  a  solid  mass  of  sulphate  of  lime  (61). 

*  All  these  oxalates  dissolve  readily  in  water  acidulated  with  nitric  or  hydrochloric 
acid.  It  is  distinguished  from  baryta  and  strontia  hy  the  fact,  that  nitrate  of  lime 
yields  prismatic  crystals  by  evaporation,  is  deliquescent  in  a  high  degree,  and  very 
soluble  in  alcohol ;  while  the  nitrates  of  baryta  and  strontia  crystallize  m  regular 
octohedrons  or  segments  of  the  oclohedron,  undergo  no  change  on  exposure  to  tbe  air. 
except  when  it  is  very  moist,  and  do  not  dissolve  in  pure  alcohol.  T. 

Peroxide  of  Calcium.  Ca+20,  or  CaO3,  20.6  1  eq.  calc.  +  16  2  eq-  oxy.  =  364 
equiv.  It  is  prepared  in  the  same  way  as  peroxide  of  barium,  and  is  similar  in  its 
properties. 
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900.  It  absorbs  large  quantities  of  ammoniacal  gas,  during  which   Sect,  hi. 
it  swells,  cracks,  and  at  last  crumbles  down  into  a  white  powder.  Absorbs 
With  water  it  forms  a  strong  alkaline  solution.    Heated  it  gives  offamniom»- 
ammonia  and  the  chloride  remains.    Immersed  in  chlorine,  the  am- 
monia burns  off  with  a  pale  yellow  flame.    Twenty  grains  of  the 
compound  furnish,  when  heated,  about  20  cubic  inches  of  ammonia  ; 
Faraday  availed  himself  of  it  for  the  liquefaction  of  ammonia.* 

901.  The  chloride  of  lime  is  abundantly  employed  as  a  bleaching  Bjeacnin 
material,  and  known  by  the  name  of  bleaching  potoder  ;  it  is  manu-  powder"' 
facta  red  by  passing  chlorine  into  leaden  chambers  containing  hy- 
drate of  lime  in  fine  powder,  by  which  the  gas  is  copiously  absorbed 

with  evolution  of  heat.  When  heated  it  gives  off  a  large  quantity  of 
oxygen,  and  a  chloride  of  calcium  results,  showing  the  superior  at- 
traction of  calcium  for  chlorine  compared  to  oxygen,  the  latter  being 
expelled  from  the  lime. 

The  composition  of  bleaching  powder  has  been  variously  stated.  Composi- 
Dalton  considers  it  as  a  hydrated  subchloride  of  lime,  containing  two  two- 
proportions  of  lime  and  one  of  chlorine  ;t  and  the  same  opinion  is 
adopted  by  Thomson,*  and  by  Welter.^    According  to  Urell  the 

Quantity  of  chlorine  absorbed  is  variable.    That  manufactured  at 
Uasgow  is  stated  by  Thomson  to  be  a  compound  of  one  atom  of  chlo- 
rine and  one  of  lime. IT 

♦Faraday  in  Jour  Roy.  Inst.  t.  74.  1Ann.  of  PhUos.  i.  1 5  and  ii.  6.    t  lb.  xv.  401 . 
t  Ann.  dt  Chim.  ct  Phy.  vii.  383.  |]  Quart.  Jour.  xiii.  21. 

V  As  the  value  of  chlorido  of  lime  depends  on  the  quantity  of  chlorine  which  it  con- 
tains, and  as  this  varies  considerably,  several  methods  for  ascertaining  its  strength 
have  been  proposed.  One  consists  id  adding  a  given  quantity  of  the  diluted  solution 
to  a  solution  of  indigo  in  sulphuric  acid  of  a  known  strength  ;*  the  strength  of  the 
chlorine  being  indicated  by  the  quantity  of  the  solution  which  it  can  decolorize.  Mo- 
tin  ha*  proposed  a  solution  of  the  hydrochlorate  of  manganese  as  a  substitute  for  this, 
as  giving  more  accurate  indications,  the  lime  combining  with  the  hydrochloric  acid, 
and  precipitating  the  brown  oxide  of  manganese,  while  the  chlorine  is  disengaged  ; 
the  quantity  of  the  hydrochlorate  decomposed  corresponding  with  the  chlorine  set  at 
hberty.t  ft  has  also  been  proposed  to  ascertain  the  quantity  of  chlorine  by  observing 
the  quantity  of  nitrogen  gas  which  is  disengaged  when  it  is  made  into  a  paste  or 
cream  with  water  and  mixed  with  fragments  of  hydrochlorate  of  ammonia ;  the  lime 
combining  with  the  hydrochloric  acid  and  forming  hydrochlorate  of  lime,  while  the 
chlorine  takes  hydrogen  from  the  ammonia  and  disengages  nitrogen  (420). 

An  instrumeut  for  the  speedy  analysis  of  this  substance  has  been  described  by  Ure.t 
It  consists  of  a  glass  tube,  (Pig.  178,)  of  about  five  cubic  inches  caps-      pjg  j7g 
city,  graduated  into  cubic  inches  and  tenths.    It  is  closed  at  top  with  a     ,      ,  Ort't 
brass  screw  cap,  and  at  its  recurved  end  below,  with  a  good  cork.  Poor 
mercury  into  the  upper  orifice,  ull  the  tube  be  nearly  full,  leaving 
merely  space  to  insert  ten  grains  of  the  bleaching  powder,  made  into  a 
pellet  form  with  a  drop  of  water.   Screw  in  the  cap-plug  rendered  air- 
tight by  leather.    Remove  now  the  cork  from  the  lower  end,  (also  full 
of  mercury,)  and  replace  a  little  of  the  liquid  metal  by  dilute  hydro- 
chloric acid  (sp.  gr.  l.l).   By  dexterous  inclination  of  the  instrument, 
the  acid  is  made  to  flow  up  through  the  mercury.    Instantly  on  its  co- 
ming in  contact  with  the  pellet,  the  chlorine  is  disengaged,  the  mercury 
flows  out  into  a  basin  ready  to  receive  it,  while  the  resulting  film  of 
hydrochlorate  of  lime  protects  the  surface  of  the  metal  almost  com- 
pletely from  the  gas. 

The  same  instrument  may  be  employed  for  ascertaining  the  quantity 
of  carbonic  acid  in  limestone,  iic.4 

Estimating  a  cubic  inch  of  chlorine  in  round  numtmrs  at  I  of  a  grain,  we  may  expect 
10  grains  of  bleaching  powder  to  yield  from  3  to  4  cubic  inches  of  that  gas,  or  by 
weight,  from  20  to  30  per  cent.  Ure. 

•  A*  the  quantity  of  indigo  varies,  this  test  oannot  be  relied  upon.   See  Amtr.  Jour.  xrii.  170. 
fJour.  Roy.  fmsl  vi.    $  Jour.  Roy.  ImmL  xiii.  21.    (See  Ure»s  Chtm  pkt.  article 
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Ch>p.  iv.  902.  Fluoride  of  Calcium— Fluor  Spar.  Ca-fF,  or  CaF,  20.5 
1  eq.  cal.  +  18.68  1  eq.  flu.  =  39.18  equiv.  Fluor  spar  is  a 
mineral  found  in  many  parts  of  the  world,  but  in  great  beauty 
and  abundance  in  England,  and  especially  in  Derbyshire.  Here 
it  is  commonly  called  Derbyshire  spar,  or  by  the  miners  of  that 

Fluor  ipar.  county  blue  John*  It  is  usually  found  in  cubic  crystals,  which 
may  easily  be  cleaved  into  octohedra,  sometimes  considered  as  its 
primitive  form.  Its  colours  are  extremely  various.  Its  specific 
gravity  is  3.15.  It  is  perfectly  tasteless  and  insoluble  in  water. 
When  thrown  in  powder  upon  a  plate  of  iron  heated  below  redness 
in  a  dark  place,  it  emits  a  phosphorescent  light.t 

Properties.  903.  Fluoride  of  calcium  fuses  at  a  red  heat  without  farther 
change.  It  is  insoluble  in  water,  slightly  soluble  in  hot  diluted  hy- 
drochloric acid,  and  is  decomposed  by  sulphuric  acid  aided  by  gentle 
heat,  affording  hydrofluoric  acid  (715).$ 

Protowl-       904  Frotosulphuret  of  Calcium.    Ca+S,  or  CaS,  20.5  1  eq.  cal. 

P buret.  -)-  16.1  1  eq.  sulph.  =  36.6  equiv.  This  compound  may  be 
prepared  by  reduction  from  the  sulphate  by  hydrogen  or  charcoal, 
and  when  pure  is  white  with  a  reddish  tint,  and  is  very  sparingly 
soluble  in  water.  It  has  the  property,  in  common  with  sulphuret 
of  barium,  of  being  phosphorescent  after  exposure  to  light,  and 
appears  to  be  the  essential  ingredient  of  Canton's  phosphorus. 
When  3  parts  of  slaked  lime,  I  of  sulphur,  and  20  of  water,  are 

re""1*  U  boiled  together  for  an  hour,  and  the  solution,  without  separation  from 
the  sediment,  is  set  aside  in  a  corked  flask  for  a  few  days,  a  copious 
deposite  of  orange-coloured  crystals  takes  place,  which,  when  slowly 
formed,  are  flat  quadrilateral  prisms.  These,  from  the  analysis  of 
Herschel,§  appear  to  be  bisulphuret  of  calcium  with  3  eq.  of  water. 
They  are  decomposed  by  exposure  to  the  air,  and  are  of  sparing  so- 
lubility in  water. 

When  either  of  the  foregoing  sulphurets  is  boiled  in  water  along 
with  sulphur,  a  yellow  solution  is  formed  containing  calcium  com- 
bined with  Ave  equivalents  of  sulphur,  j 

905.  Phosphuret  of  Calcium.    Ca-|-P.  or  CaP,  20.5  1  eq.  cal  + 

Phosphu-    15.7  1  Cq.  phos.  =  36.2  equiv.    It  is  formed  by  passing  the 

nX'  vapour  of  phosphorus  over  fragments  of  quicklime  at  n  low  red 
heat  ;t  when  a  brown  matter  is  formed,  consisting  of  phosphate  of 

*  It  occurs  in  rations  parts  of  the  United  States— that  from  Shawneetown,  Illinois,  is 
particularly  beautiful.    For  other  localities  see  Cleavelaod's  and  Dana's  Afineralogy. 

t  It  may  be  prepared  artificially  hy  diges ting  moist,  recently  precipitated,  carbonate 
of  lime  in  au  excess  of  hydrofluoric  acid  ;  or  bv  mixing  a  solution  of  chloride  of  calci- 
um with  fluoride  of  potassium  or  sodium.  As  prepared  in  the  latter  mode,  it  is  a 
bulky  gelatinous  mass,  which  it  is  very  difficult  to  wash  ;  whereas  the  former  method 
gives  it  in  the  state  of  a  granular  white  powder,  which  may  lie  washed  with  ease. 

t  Iodide  of  Calcium.    Ca+I,  or  Cal,  20.5  I  eq.  c*l.-fl26.3  1  eq.  iod.  =  146.8  equiv. 
Bromide  of  Calcium.   Ca+Br,  or  CaBr,  20.5  1  eq.  cal.  +  78.4  1  eq.  brom.  - 
99.9  equiv.  5  Edin.  Philot.  Jour.  1 .  p.  1 1 ,  &c. 

||  Bindphuret  of  Calcium.  Ca+2S,  or  CaS»,  20.5  1  eq.  cal.  +  32  2  2  eq.  sulph  = 
52.7  equiv. 

Quinlosulphuret  of  Calcium.  Ca+6S,  or  Ca9»,  20.5  I  eq.  cal.  +  80.5  5  eq.  aulpb. 
sa  ioi  equiv. 

IT  Select  a  green  glass,  or  porcelain  tube.closed  at  one  end,  and  about  18  inches  lo 
and  one  inch  diameter,  and  carefully  cover  it  with  a  clay  lute  containing  a  very  " 
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lime  and  phosphuret  of  calcium.    When  put  into  water,  mutual  Ui. 
decomposition  ensues,  and  pbosphuretted  hydrogen,  hypophospho- 
rous  acid,  and  phosphoric  acid  are  generated  (777). 

Drop  a  small  piece  of  it  into  a  wine-glass  of  water,  and  in  a  short  time  bubbles  Exp. 
of  phosphuretted  hydrogen  gas  will  be  produced  .  which,  rising  to  the  sur- 
face will  take  fire,  and  explode.    If  the  phosphuret  of  lime  be  not  perfectly  fresh, 
it  may  be  proper  to  warm  the  water  to  which  it  is  added. 

Into  an  alc-glus*  put  one  part  of  the  phosphuret  in  pieces  of  about  the  size  of  Exp. 
a  pea  (not  in  powder),  and  add  to  it  half  a  part  of  chlorate  of  potassa.  Fill  the 
glass  with  water,  and  put  into  it  a  funnel,  with  a  long  pipe,  or  narrow  glass  tube, 
reaching  to  the  bottom.  Through  this  pour  threo  or  tour  parts  of  strong  sulphu- 
ric acid,  which  will  decompose  the  chlorate ;  and,  the  phosphuret  also  decom- 
posing the  water  at  the  same  time,  flashes  of  fire  dart  from  the  surface  of  the  fluid, 
and  the  bottom  of  the  vessel  is  illuminated  by  a  beautiful  green  light. 


Magnesium. 

Symb.  Mg    Equip.  12.7* 

906.  The  existence  of  this  metal  was  demonstrated  by  Davy,  but 
it  was  first  obtained  in  any  quantity  by  Bussy,  in  1830  by  means  of 
potassium. 

907.  For  this  purpose  five  or  six  pieces  of  potassium,  of  the  size  of  peas,  were  PrOM!.a  *or 
introduced  into  a  glass  tube,  the  sealed  extremity  of  which  was  bent  iuto  the  rroce"  ,or* 
form  of  a  retort,  and  upon  the  potassium  were  laid  fragments  of  chloride  of  mag- 
nesium.   The  latter  being  then  heated  to  near  its  point  of  fusion,  a  lamp  was 

applied  to  the  potassium,  and  its  vapour  transmitted  through  the  mass  of  heated 
chloride.  Vivid  incandescence  immediately  took  place,  and  on  putting  the  mass, 
after  cooling,  into  water,  the  chloride  of  potassium  with  undecomposed  chloride 
of  magnesium  was  dissolved,  and  metallic  magnesium  subsided.    These  results 


have  been  since  confirmed  by  Liebig.t 

90S.  Magnesium  has  a  brilliant  metallic  lustre,  and  a  white  colour  Propeniea. 
like  silver ;  is  very  malleable,  and  fuses  at  a  red  heat.  Moist  air  ox- 
idizes it  superficially ;  but  it  undergoes  no  change  in  dry  air,  and 
may  be  boiled  in  water  without  oxidation.  Heated  to  redness  in  air 
or  oxygen  gas,  it  burns  with  brilliancy,  yielding  magnesia ;  and  it 
ioflames  spontaneously  in  chlorine  gas.  It  is  readily  dissolved  by 
dilute  acids  with  disengagement  of  hydrogen,  and  the  solution  is 
found  to  contain  a  pure  salt  of  magnesia. 

909.  Protoxide  of  Magnesium.    MG+O,  Mg,  or  MgO,  12.7  1 


borax.  Pot  an  ounce  of  phosphorus  broken  into  small  pieces  into  the  lower  end,  and 
ill  it  up  with  pieces  of  clean  quicklime,  about  the  size  of  large  peas ;  place  it  in  an  in- 
clined position  in  a  furnace,  so  that  the  end  containing  the  phosphorus  may  protrude, 
while  the  upper  part  of  the  tube  is  heating  to  redness  j  then  slowly  draw  the  cool  part 
into  the  fire,  by  which  the  phosphorus  will  be  volatilized,  and  passing  into  i  he  red-hot 
hroe,  convert  a  portion  of  it  into  phosphuret  Care  should  be  taken  that  no  conside- 
rable portion  of  phosphorus  escapes  and  burns  away  at  the  open  end  of  the  tube, 
which  after  the  process,  should  he  corked  and  suffered  to  cool.  Its  contents  may  then 
be  shaken  upon  a  sheet  of  paper,  and  the  brown  pieces  picked  out  and  carefully  pre- 
served in  a  well  stopped  phial;  the  white  pieces,  or  those  which  are  only  pale  brown, 
most  be  rejected. 

An  easier  method  is,  by  throwing  a  piece  of  dry  phosphorus  into  a  crucible  with 
a  few  fragments  of  lime  (each  about  the  size  of  a  pea),  at  the  bottom,  and  at  a  bright 
red  heat,  an  assistant  putting  on  a  cover,  or  inverting  it  immediately  on  a  flat  plate  of 
iron,  at  the  same  time  throwing  a  quantity  of  sand  round  it  to  close  any  aperture.  The 
experiment  may  be  made  with  2u  or  30  grains  of  phosphorus,  and  about  60  or  70 
of  lime  in  a  small  crucible.    R.    See  Mitchell's  process,  page  219,  AfefC. 

•  Inferred  by  Berzelius  from  the  quantity  of  sulphate  obtained  from  a 
weight  of  pure  magnesia. 

t  Ann.  d*  Chim.  ti  d<  Pky.  xlvi.  <U. 
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uh*p.iv.  eq.  mag.  -f-  8  1  eq.  oxy.  =  20.7  equiv.    This,  the  only  known 
Protoxide  oxide  of  magnesium,  commonly  known  by  the  name  of  magnesia,  is 
or  magoe-  best  obtained  by  exposing  carbonate  of  magnesia  to  a  very  strong  red 
Ma'         heat,  by  which  its  carbonic  acid  is  expelled.    It  is  a  white,  friable 
powder,  of  an  earthy  appearance  ;  and,  when  pure,  it  has  neither 
taste  nor  odour.    Its  speci6c  gravity  is  about  2.3,  and  it  is  exceed- 
ingly infusible.    Brande  once  succeeded  in  agglutinating  a  small 
portion  of  this  earth  in  the  Voltaic  flame,  and  whilst  exposed  to  this 
high  temperature,  it  was  perfectly  fused  by  directing  upon  it  the 
flame  of  oxygen  and  hydrogen. 

910.  It  has  a  weaker  affinity  than  lime,  for  water;  for  though  it 
Action  of  forras  a  hydrate  when  moistened,  the  combination  is  effected  with 

hardly  any  disengagement  of  caloric,  and  the  product  is  readily  de- 
composed by  a  red  heat.* 

Magnesia  dissolves  very  sparingly  in  water.  According  to  Fyfe, 
it  requires  5142  times  its  weight  of  water  at  60°,  and  36.000  of 
boiling  water  for  solution.  The  resulting  liquid  does  not  change 
the  colour  of  violets ;  but  when  pure  magnesia  is  put  upon  moistened 
turmeric  paper,  it  causes  a  brown  stain.  From  this  there  is 
no  doubt  that  the  inaction  of  magnesia  with  respect  to  vegetable  co- 
lours, when  tried  in  the  ordinary  mode,  is  owing  to  its  insolubility. 
It  possesses  the  still  more  essential  character  of  alkalinity,  that, 
namely,  of  forming  neutral  salts  with  acids,  in  an  eminent  degree.  It 
absorbs  both  water  and  carbonic  acid  when  exposed  to  the  atmos- 
phere, and,  therefore,  should  be  kept  in  well  closed  phials. 

911.  Magnesia  is  characterized  by  the  following  properties.  With 
Properties,  nitric  and  hydrochloric  acid  it  forms  salts  which  are  soluble  in  alco- 
hol, and  exceedingly  deliquescent.  The  sulphate  of  magnesia  is  very 
soluble  in  water,  a  circumstance  by  which  it  is  distinguished  from 
the  other  alkaline  earths.  Magnesia  is  precipitated  from  its  salts  as 
a  bulky  hydrate  by  the  pure  alkalies.  It  is  precipitated  as  carbonate 
of  magnesia  by  the  carbonates  of  potassa  and  soda  ;t  but  the  bicar- 
bonales  and  the  common  carbonate  of  ammonia  do  not  precipitate 
it  in  the  cold.  If  moderately  diluted,  the  salts  of  magnesia  are  not 
precipitated  by  oxalate  of  ammonia.  By  means  of  this  reagent 
magnesia  may  be  both  distinguished  and  separated  from  lime. 

912.  Chloride  of  Magnesium.  Mg-j-Cl,  or  MgCl,  12.7  1  eq.  mag. 
+  35.42  1  eq.  =  43.12  equiv.  This  may  be  prepared  by  trans- 
mitting dry  chlorine  gas  over  a  mixture  of  magnesia  and  charcoal  at 
a  red  heat ;  but  Liebig  has  given  an  easier  process,  which  consists 
in  dissolving  magnesia  in  hydrochloric  acid,  evaporating  to  dryness, 
mixing  the  residue  with  its  own  weight  of  hydrochlorate  of  ammo- 
nia, and  projecting  the  mixture  in  successive  portions  into  a  platinum 
crucible  at  a  red  heat.  As  soon  as  the  ammoniacal  salt  is  wholly 
expelled,  the  fused  chloride  of  magnesium  is  left  in  a  state  of  tranquil 

+  The  native  hydrate  is  found  at  Hoboken,  N.  J.,  it  consists  of  70  magnesia  and  30 
water. 

t  The  carbonate  of  magnesia,  used  in  medicine,  and  for  experimental  purposes,  is 
prepared  by  mixing  hnt  solutions  of  carbonate  of  potassa  and  sulphate  of  magnesia  (Ep- 
som salts).    The  carbonic  acid  is  expelled  by  moderate  heat,  and  the  residue  is  pure 
c*iciMdm«c>  magnesia ;  being  prepared  by  calcination,  it  is  known  as  calcined  magnesia.  Wt 
safe  incautiously  used  for  a  long  time  it  may  produce  very  serious  evils,  a  remarkable 

has  been  reported  by  Brande  in  Jour  Roy.  bttiit.  i. 
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fusion,  and  on  cooling  becomes  a  transparent  colourless  mass,  which  Sect-  iv. 
is  highly  deliquescent,  and  is  very  soluble  in  alcohol  and  water.* 


Section  IV.    Metallic  Bases  of  the  Earths. 

913.  Aluminium.   Al.  eq.  13.7.   Alumina  constitutes  some  of  the  Aluminous 
hardest  gems,  such  as  the  sapphire  and  ruby ;  and  combined  with  mincr*k- 
water,  it  gives  a  peculiar  softness  and  plasticity  to  some  earthy  com- 
pounds, such  as  the  different  kinds  of  clay. — The  experiments  of 

Davy  afforded  a  strong  presumption  that  alumina  is  a  metallic  oxide ;  Alumi- 
but  its  base,  aluminium!  he  did  not  obtain  in  such  a  stale  as  to mum- 
make  its  properties  an  object  of  investigation.     Yet  alloys  were 
formed  which  gave  sufficient  evidence  of  its  existence,  and  the 
presence  of  oxygen  in  alumina  was  proved,  by  its  changing  potas- 
sium into  potassa,  when  ignited  with  that  metal. 

914.  Aluminium  has  since  been  procured  by  Wdhlert  by  decom- 
posing the  chloride  by  means  of  potassium.    The  action  is  very  vio- 
lent, and  accompanied  with  such  iutense  heat  that  a  crucible  of  pla-  Proce"for- 
tinura  is  required. 

915.  The  aluminium  is  generally  in  small  scales  of  a  metallic  properties, 
lustre,  or  in  slightly  coherent  spongy  masses  with  the  lustre  of  tin. 

It  conducts  electricity  in  its  fused  state,  but  in  the  form  of  powder 
it  does  not.    Its  fusing  point  is  higher  than  that  of  cast  iron.    At  a  Pll.:K;i;.v 
red  heat  it  takes  fire  in  the  air,  and  alumina  is  formed  ;  in  oxygen  Fu"b,h,y- 
gas  it  burns  with  intense  light  and  heat. 

It  is  not  oxidized  by  water  at  common  temperatures;  oxidation  Action  of 
commences  wben  the  water  is  near  its  boiling  point,  but  even  after  water, 
continued  boiling  it  is  very  slight. 

916.  Sesquioxide  of  Aluminium.    2A1+30,  Al,  or  Al'O8,  27.4  Alnmina. 
2eq.  alum.  -f-  24  3  eq.  oxy.  =  51.4equiv.  This  is  one  of  the  most 
abundant  earths  in  nature,  being  a  constituent  of  many  rocks,  the 
different  kinds  of  clay,  and  of  some  of  the  hardest  gems,  as  the  ruby 

and  sapphire. 

917.  Alumina  may  be  obtained  by  dissolving  purified  alum?  in  four  or  five  Obtained, 
times  its  weight  of  boiling  water,  adding  a  slight  excess  of  carbonate  of  potassa, 

and  after  digesting  for  a  few  minutes,  the  bulky  hydrate  of  alumina  may  be  col- 
lected on  a  fi  lter  and  well  washed  with  hot  water.  If  an  excess  of  alkali  is  not 
employed  the  precipitate  will  retain  some  sulphuric  acid. 5 

91&  Alumina  is  destitute  of  taste  and  smell ;  moistened  with  Properties, 
water,  it  forms  a  cohesive  and  ductile  mass,  susceptible  of  being 
kneaded  into  a  regular  form.    It  is  not  soluble  in  water  ;  but  retains 
a  considerable  quantity,  and  is,  indeed,  a  hydrate,  containing  when 
dried  at  the  temperature  of  the  atmosphere,  almost  half  its  weight  of 


*For  other  compounds  see  Turner's  Chem.      t  Eklin.  Jour,  of  Sri.  No.  xvii.  178. 

tThis  salt,  as  purchased  in  the  shops,  is  frequently  contaminated  with  peroxide  of 
iron,  and  consequently  unfit  for  many  chemical  purposes ;  but  it  may  be  separated  from 
this  impurity  by  repeated  crystallization.  Its  absence  is  proved  by  the  alum  being 
»lubl«  without  residue  in  a  solution  of  pure  potassa  ;  whereas  when  peroxide  of  iron 
u  present,  it  is  either  left  undissolved  in  the  first  instance,  or  deposited  after  a  few 
hours  in  yellowish-brown  flocks. 

5  But  the  alumina,  as  thus  prepared,  is  not  yet  quite  pure ;  for  it  retains  some  of  the 
tlksh  with  such  force,  that  it  cannot  be  separated  by  the  action  of  water.    For  this 
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IV. 


Effect  of 


Recognis- 


Sesqui- 
chloride. 


Wohler't 


water.  Even  after  ignition,  alumina  has  such  an  affinity  for  moist- 
ure, that  it  can  hardly  be  placed  on  the  scale  without  acquiring 
weight.*  It  is  dissolved  by  the  liquid  fixed  alkalies,  and  is  precipi- 
tated by  acids  unchanged.    In  ammonia  it  is  very  sparingly  soluble. 

919.  Alumina  has  the  property  of  shrinking  considerably  in  bulk, 
when  exposed  to  heat.  On  this  property  was  founded  the  'pyrometer 
of  Wedgwood,  designed  to  measure  high  degrees  of  heat  by  the 
amount  of  the  contraction  of  regularly  shaped  pieces  of  China  clay. 

920.  Alumina  is  easily  recognised  by  the  following  characters. 
L  It  is  separated  from  acids,  as  a  hydrate,  by  all  the  alkaline  carbo- 
nates, and  by  pure  ammonia.  2.  It  is  precipitated  by  pure  potassa 
or  soda,  but  the  precipitate  is  completely  redissolved  by  an  excess  of 
the  alkali. 

921  Sesquichloride  of  Aluminium,  2A1+3C1  or  A1J  CI3,  27.4  2 
eq.  alumin.  -f~  106.26  3  eq.  chlor.  =  133.66  equiv.,  was  obtained 
by  Oersted,  by  transmitting  dry  chlorine  gas  over  a  mixture  of  alu- 
mina and  charcoal  heated  to  redness.  It  was  afterwards  prepared 
by  Wohler  as  follows. 
922.  Ho  precipitated  aluminous  earth  from  a  hot  solution  of  alum  bv 


Properties. 


Glucinium. 


of  potassa,  and  mixed  the  hydrate,  when  dry,  with  pulverized  charcoal,  sugar, 
ana  oil,  so  as  to  form  a  thick  paste,  which  was  heated  in  a  covered  crucible  until 
all  the  oiganic  matter  was  destroyed.  By  this  means  the  alumina  was  brought 
into  a  state  of  intimate  mixture  with  finely  divided  charcoal,  and  while  yet  hot, 
was  introduced  into  a  tube  of  porcelain,  fixed  in  a  convenient  furnace.  After 
oxpelling  atmospheric  air  from  the  interior  of  the  apparatus  by  a  current  of  dry 
chlorine  gas,  the  tube  was  brought  to  a  red  heat.  The  formation  of  sesquichlo- 
ride of  aluminium  then  commenced,  and  continued,  with  disengagement  of  car- 
bonic oxide  gas,  during  an  hour  and  a  half,  when  the  tube  became  impervious 
from  sublimed  sesquicn  loride  collected  within  it.  The  process  was  then  ne- 
cessarily discontinued. 

923.  It  is  of  a  pale  greenish  colour,  translucent,  lamella  ted,  and 
like  talc.  Exposed  to  air,  it  emits  fumes  having  an  odour  like  hy- 
drochloric acid,  and  deliquesces.  It  dissolves  in  water  with  a  hiss- 
ing noise  and  much  heat  It  is  volatile  a  little  above  212°  and  fu- 
ses-t 

Glucinium. 
Symb.  G.   Equir.  26.6- 

924.  This  is  the  metallic  base  of  the  earth  glucina,  and  was  obtained 
in  1828  by  Wohler,  by  the  action  of  potassium  on  the  chloride, 
as  in  the  case  of  the  last  described  metal ;  it  appeared  as  a  gray 
powder  but  acquired  a  metallic  lustre  by  burnishing,  and  was 
easily  oxidized  ? 


reason  the  precipitate  must  he  re-dissolved  in  dilute  hydrochloric  acid,  and  thrown 
down  hy  means  of  pure  ammonia,  or  its  carbonate.  This  precipitate,  after  being  well 
washed  and  exposed  to  a  white  heat,  yields  pure  anhvdrous  alumina.  Ammonia  can- 
not he  employed  for  precipitating  aluminous  earth  directly  from  alum,  because  sul- 
phate of  alumina  is  not  completely  decomposed  by  this  alkali.  (Berzelius.)  An  easier 
process,  proposed  hy  Gay-Lussac,  is  to  expose  sulphate  of  alumina  and  ammonia  to  a 
strong  heat,  so  as  to  expel  the  ammonia  and  sulphuric  acid. 
For  other  processes  see  Urc's  Diet.  3.  147. 

*  Berzelius  found,  that  100  parts  of  alumina,  after  being  ignited  gained  l&|  from  a 
dry  atmosphere,  and  33  from  a  humid  one.  For  a  full  saturation,  100  grains  of  alu- 
mina, he  ascertained,  require  54  of  water.*   It  does  not  affect  vegetable  colours. 

t  Aluminium  combines  with  sulphur,  phosphorus  and  selenium,  for  which  see  Tur 
1  PhiL  Mag.  and  Annal,,  v.  392. 

a.  CMm.  cifhy,  Y  101. 
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Sect.  IV. 

925.  Scsquioxide  of  Glucinium  or  Glucinat  2G-f-30,  G,  or  G*03,  ; — — 

was  discovered  by  Vauquelin  in  the  beryl,  emerald  and  euclase.  idsorgta- 

The  process  proposed  by  Bcrthier  for  obtaining  it,  is  to  mix  the  beryl  in  fine  Cln*» 
powder  with  its  own  weight  of  marble  aud  expose  the  mixture  in  a  crucible  to  a  Process  for, 
•tronc  heat.  A  glass  is  obtained  which  when  in  fine  powder  is  attacked  by  hy- 
drochloric or  sulphuric  acid.  The  mass  is  then  dissolved  in  dilute  hydrochloric 
arid,  and  the  solution  evaporated  to  perfect  dryness ;  by  which  means  the  silicic 
acid  isi  rendered  quite  insoluble.  The  alumina  and  glucina  are  then  r<  dissolved 
in  water  acidulated  with  hydrochloric  acid,  and  thrown  down  together  by  pure 
ammonia.  The  precipitate,  after  being  well  washed,  is  macerated  with  a  large 
excess  of  carbonate  of  ammonia,  by  which  glucina  is  dissolved  ;  and  on  boiling 
the  filtered  liquid,  carbonate  of  glucina  subsides.  By  means  of  a  red  heat  its 
carbonic  acid  is  entirely  expelled. 

926.  Glucina  is  a  white  powder,  which  has  neither  taste  nor  properties, 
odour,  and  is  quite  insoluble  in  water.  Its  sp.  gr.  is  3.  Vegetable 
colours  nre  not  affected  by  it.    The  salts  which  it  forms  with  acids 

have  a  sweetish  taste,  a  circumstance  which  distinguishes  glucina 
from  other  earths,  and  from  which  its  name  is  derived.  (From 
llvttg,  sweet.) 

927.  Glucina  may  be  known  chemically  by  the  following  charac-  Disas- 
ters.   1.  Pure  potassa  or  soda  precipitates  glucina  from  its  salts,  butKai*ned» 
an  excess  of  the  alkali  redissolves  it.    2.  It  is  precipitated  perma- 
nently by  pure  ammonia  as  a  hydrate,  and  by  fixed  alkaline  carbo- 
nates as  a  carbonate  of  glucina.    3.  It  is  dissolved  completely  by  a 

cold  solution  of  carbonate  of  ammonia,  and  is  precipitated  from  it  by 
boiling.  By  menns  of  this  property,  glucina  may  be  both  distin- 
guished and  separated  from  alumina.  T. 

Yttrium,  «• 

Synb.  i 

92&  Yttrium  is  the  metallic  base  of  an  earth  which  was  discov- 
ered in  the  year  1794  by  Gadolin,  in  a  mineral  found  at  Ytterby  in 
Sweden,  from  which  it  received  the  name  of  yttria.    The  metal  it-  YMri««n, 
self  was  prepared  by  Wohler  in  1828,  by  a  process  similar  to  that 
above  described. 

929.  Its  texture,  by  which  it  is  distinguished  from  glucinium  and  Properties, 
aluminium,  is  scaly,  its  colour  grayish  black,  and  its  lustre  perfectly 
metallic.    In  colour  and  lustre  it  is  inferior  to  aluminium,  bearing 

in  these  respects  nearly  the  same  relation  to  that  metal,  that  iron 
does  to  tin.  It  is  a  brittle  metal,  while  aluminium  is  ductile.  It  is 
not  oxidized  either  in  air  or  water;  but  when  heated  to  redness,  it 
bums  with  splendour  even  in  atmospheric  air,  and  with  far  greater 
brilliancy  in  oxygen  gas.  The  product,  yttria,  is  white,  and  shows 
unequivocal  marks  of  fusion.  It  dissolves  in  sulphuric  acid,  and 
also,  though  less  readily,  in  solution  of  potassa ;  but  it  is  not  attack- 
ed by  ammonia.  It  combines  with  sulphur,  selenium,  and  phospho- 
rus.* 

930.  The  salts  of  yttria  have  in  general  a  sweet  taste,  and  the  Characters 
sulphate,  as  well  as  many  of  its  salts,  has  an  amethyst  colour.  It  is  u  **  U| 
precipitated  as  a  hydrate  by  the  pure  alkalies,  and  it  is  not  redis- 

solved  by  an  excess  of  the  precipitant ;  but  alkaline  carbonates,  es- 

  _____  >  ■  ■  ■  im  ii  ii   ,  _ 

♦  Phil.  Mag.  and  Annal;  v.  W3. 
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ctup.  iv.  pecially  that  of  ammonia,  dissolve  it  in  the  cold,  though  less  freely 
than  glucina,  and  carbonate  of  yttria  is  precipitated  by  boiling.  Of 
all  the  earths  it  bears  the  closest  resemblance  to  glucina;  but  it  is 
readily  distinguished  from  it  by  the  colour  of  its  sulphate,  by  its  in- 
solubility in  pure  potassa,  and  by  yielding  a  precipitate  with  ferro- 
cyanaret  of  potassium.* 

Equivalent.  931.  The  equivalent  of  yttrium,  as  deduced  by  Berzelius,  is  32.2; 
and  that  of  yttria,  which  is  probably  a  protoxide,  is  40.2.  T. 


Symb.  Th  Equiv.  69.  f 
932.  The  earthy  substance  formerly  called  thorina,  was  found  by 
Discovery.  Berzelius  to  be  phosphate  of  yttria;  but  in  1828  he  discovered  a 
new  earth,  so  similar  in  some  respects  to  what  was  formerly  called 
thorina,  that  he  applied  this  term  to  the  new  substance. 
Procwsfor  ^ne  meta**'c  Dase  °f  lhorina  (thorium)  was  procured  by  the 

'action  of  potassium  on  chloride  of  thorium,  decomposition  being  ac- 
companied with  a  slight  detonation.  On  washing  the  mass,  thorium 
is  left  in  the  form  of  a  heavy  metallic  powder,  of  a  deep  leaden-gny 
colour ;  and  when  pressed  in  an  agate  mortar,  it  acquires  metallic 
lustre  and  an  iron-gray  tint. 
Oxidation  ^34.  Thorium  is  not  oxidized  either  by  hot  or  cold  water ;  but 
of,  when  gently  heated  in  the  open  air,  it  burns  with  great  brilliancy, 

comparable  to  that  of  phosphorus  burning  in  oxygen.  The  resulting 
thorina  is  as  white  as  snow,  and  does  not  exhibit  the  least  trace  of 
fusion.  It  is  not  attacked  by  caustic  alkalies  at  a  boiling  heat,  is 
scarcely  at  all  acted  on  by  nitric  acid,  and  very  slowly  by  the  sul- 
phuric ;  but  it  is  readily  dissolved  with  disengagement  of  hydrogen 
gas  by  hydrochloric  acid.  T. 
^  .  _       935.  Thorina  was  procured  from  a  rare  mineral  from  Norway, 

1    called  thorite,  of  which  it  constitutes  57.91  per  cent. 
Properties      936,  Thorina  is  a  white  earthy  substance,  of  sp.  gr.  9.402  inso- 
1  luble  in  all  the  acids  except  the  sulphuric,  it  dissolves  even  in  that 
with  difficulty.    It  is  precipitated  from  its  solutions  by  the  caustic 
alkalies  as  a  hydrate,  and  in  this  state  absorbs  carbonic  acid  from 
the  atmosphere,  and  dissolves  readily  in  acids.    Its  exact  composi- 
tion is  not  known  ;  but  its  equivalent  is  about  67.6. 
Distin-         9^7.  Thorina  is  distinguished  from  alumina  and  glucina  by 
its  insolubility  in  pure  potassa ;  from  yttria  by  forming  with  sulphate 
of  potassa  a  double  salt  which  is  quite  insoluble  in  a  cold  saturated 
solution  of  sulphate  of  potassa. 


Symb.  Zr   Eq.  about  33.7? 

939.  The  experiments  of  Davy  proved  zirconia  to  be  an  oxidized 
body,  and  afforded  a  presumption  that  its  base,  Zirconium,  is  of  a 
metallic  nature.  When  potassium  was  brought  into  contact  with 
zirconia  ignited  to  whiteness,  potassa  was  formed,  and  dark  particles 
of  a  metallic  aspect  were  diffused  through  the  alkali.  The  decom- 
position of  this  earth,  however,  had  not  been  effected  in  a  satisfactory 


*  Berzelius. 
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manner  until  the  year  1824,  when  Berzelius  succeeded  in  obtaining  Sect,  v. 
zirconium  in  an  insulated  state. 

939.  Zirconium  is  procured  by  heating  a  mixture  of  potassium  with  the  dou>  How  pro- 
bit-  fluoride  of  zirconia  and  potassa,  carefully  dried,  in  a  tube  of  glass  or  iron,  by  cured, 
means  of  a  spirit  lamp     The  reduction  takes  place  at  a  temperature  below  red- 
ness, and  without  emission  of  light.    The  mass  is  then  washed  with  boiling  wa- 
ter, and  afterwards  digested  for  some  time  in  dilute  hydrochloric  acid.    A  small 
portion  of  hydrate  of  zirconia  however  still  adheres  to  the  zirconium. 

940.  Zirconium  thus  obtained,  is  in  the  form  of  a  black  powder,  Properties, 
which  may  be  boiled  in  water  without  being  oxidized,  and  is  attacked 

with  difficulty  by  the  sulphuric  or  nitro-hydrochloric  acids  ;  but  is 
dissolved  readily,  and  with  disengagement  of  hydrogen  by  hydro- 
fluoric acid. 

941.  Heated  in  the  open  air  it  takes  fire  at  a  temperature  far  below  Combos- 
incandescence,  burns  brightly  and  is  converted  into  zirconia.  lion  * 

942.  Zirconium  may  be  pressed  out  into  thin  shining  scales  of  a 
dark  gray  colour,  and  of  a  lustre  which  may  be  called  metallic,  but 
its  particles  adhere  together  very  feebly.  It  is  a  non-conductor  of 
electricity. 

943.  Sesquioxide  of  Zirconium,  or  Zirconia,  2Zr+30,  Zr,  or  Seaquiox- 
ZrK)\  was  discovered  in  1789  by  Klaproih.    It  is  obtained  from  the  jjjjj 
zircon  or  jargon  of  Ceylon.    The  zircon  in  fine  powder  may  be  fused  °ma' 
with  litharge  in  the  ratio  of  17  to  21,  when  a  glass  is  obtained  which 

is  soluble  in  acids. 

944.  Zirconia  is  in  the  form  of  a  fine  white  powder,  which,  Properties, 
when  rubbed  between  the  fingers,  has  somewhat  of  the  harsh  feel  of 

silica.  It  is  entirely  destitute  of  taste  or  smell.  Its  specific  gravity 
exceeds  4.  It  is  insoluble  in  water,  yet  appears  to  have  some  affi- 
nity for  that  fluid,  retaining  when  slowly  dried  after  precipitation, 
one  third  its  weight,  and  appearing  like  gum  arabic. 

945.  Exposed  to  a  strong  heat,  zirconia  fuses,  assumes  a  li^ht  Effect  of 
gray  colour ;  and  such  hardness,  on  cooling,  as  to  strike  fire  with  heat, 
steel,  and  to  scratch  even  rock  crystal.* 


Section  V.    Metals,  the  Oxides  of  which  are  neither  Alkalies  nor 

Earths. 

L  METALS  WHICH  DECOMPOSE  WATER  AT  A  RED  HEAT. 

Manganese. 
Symb.  bin      Equw.  27.7 

946.  The  common  ore  of  manganese  is  the  black  or  peroxide, 

which  is  found  native  in  great  abundance. 

The  metal  is  obtained  by  mixing  this  oxide,  fin*  1  >  powdered,  with  pitch,  |.Qr 
Liog  it  into  a  ball,  and  putting  this  into  a  crucible,  with  powdered  charcoal,  obtaining 
tent*  of  an  inch  thick  on  the  sides,  and  one  fourth  of  an  inch  deep  at  the  metallic 
bottom.    The  empty  space  is  then  to  be  filled  with  powdered  charcoat,  a  cover 
is  to  be  luted  on,  and  the  crucible  exposed,  for  one  hour,  to  the  strongest  heat 
that  can  be  raised. 

Manganese  is  a  hard  brittle  metal,  of  a  grayish-white  colour,  and 
granular  texture.  When  exposed  to  air  it  becomes  an  oxide.  Its 
specific  gravity  is  8.013.  It  is  not  attracted  by  tire  magnet,  except 
when  contaminated  with  iron. 
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947.  It  slowly  decomposes  water  at  common  temperatures,  and 
Equiralcnt.  rapidly  at  a  red  heat. 

Oxides  of  Manganese.9 

Protoxide,  948.  Protoxide  Mn+O,  Mn,  or  MnO,  27.7  1  eq.  mang.  + 
8  1  eq.  oxy.  =  36.7  equiv.,  is  that  oxide  of  manganese  which  is 
a  strong  salifiable  base  present  in  all  the  ordinary  salts  of  this  me- 
tal, and  which  appears  to  be  its  lowest  degree  of  oxidation. 

Il  may  be  formed  by  exposing  the  peroxide,  sesquioxide,  or  red  oxide  of  man- 
r'  ganese  to  the  combined  agency  of  charcoal  and  a  white  heat ;  or  by  exposing  ei- 
ther of  the  oxides  of  manganese,  contained  in  a  glass  or  iron  tube,  to  a  current  of 
hydrogen  gas  at  a  high  temperature.    For  this  purpose  the  red  oxide,  prepared 
from  the  nitrate  of  oxide  of  manganese,  is  the  best. 

It  is  also  obtained  by  fusing  the  chloride  in  a  platinum  crucible 
with  about  twice  its  weight  of  carbonate  of  soda  and  dissolving  the 
chloride  of  sodium  in  water. 
.  949.  It  is  of  a  green  colour,  and,  according  to  some,  attracts  ox- 
1M  y#en  mpidly  from  the  air,  but  in  Turner's  experiments  was  very 
permanent,  undergoing  no  change  during  nineteen  days.t  It  oxi- 
dized at  600°.  It  unites  with  acids  producing  the  same  salts  as  the 
carbonate.  If  quite  pure  it  should  dissolve  in  cold  dilute  sulphuric 
acid. I 

950.  The  salts  of  manganese  are  in  general  colourless  if  pure, 
but  often  have  a  shade  of  pink  from  the  presence  of  red  oxide  or 
permanganic  acid.  The  alkalies  precipitate  the  protoxide  as  a  white 
hydrate,  the  carbonates  give  a  white  carbonate,  and  ferrocynnuret 
of  potassium  gives  a  white  ferrocyanuret  of  manganese,  a  character 
by  which  the  absence  of  iron  may  be  demonstrated.  The  while 
precipitates  become  brown  from  absorption  of  oxygen. 

951.  Sesquioxide  2Mn+30,  Mn,  or  Mn'O*,  55.4  2  eq.  mang. 

ide,#  -|~  24  3  eq.  oxy.  =  79.4  equiv.,  occurs  nearly  pure  in  nature, 
and  is  found  as  a  hydrate  at  Ilefeld  in  the  Hartz.  It  may  be 
formed  artificially  by  exposing  peroxide  of  manganese  for  a  conside- 
rable time  to  a  moderate  red  heat,  and,  therefore,  is  the  chief  residue 
of  the  usunl  process  for  procuring  a  supply  of  oxygen  gas. 

952.  The  colour  varies  with  the  source  from  which  it  is  derived. 
That  which  is  procured  by  means  of  heat  from  the  native  peroxide 
or  h  yd  rated  sesquioxide  has  a  brown  tint ;  but  when  prepared  from 
nitrate  of  oxide  of  manganese,  it  is  nearly  as  black  as  the  peroxide, 
and  the  native  sesquioxide  is  of  the  same  colour.  With  sulphuric 
and  hydrochloric  acids,  it  yields  oxygen  and  chlorine  gases.  It  is 
more  easily  attacked  than  the  peroxide  by  cold  sulphuric  acid.  With 
strong  nitric  acid,  it  yields  a  soluble  protonitrate  and  the  peroxide. 

953.  Peroxide  Mn+20,  27.7  1  eq.  mang.  +  16  2  eq.  oxy. 
=  43.7  equiv.     This  is  the  well  known  ore  commonly  called 

*  In  studying  metallic  oxides,  it  is  necessary,  as  remarked  hy  Turner,  to  distinguish 
oxides  formed  hy  the  direct  union  of  oxygen  and  a  metal,  from  those  that  consist  of 
two  other  oxides  united  with  each  other,  and  which  therefore,  in  comj 
of  the  nature  of  a  salt  rather  than  of  an  oxide. 

iPhil.  Trans.  Edin.  1828,  and  PhU.  Mag.  \i. 

X  For  the  method  of  preparing  pure  salts  from  common  peroxide  of 
Turner's  Elements,  6lh  ed.,  p  306. 
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from  its  colour  the  black  oxide.  It  generally  occurs  massive,  of  an  Sect,  v. 
earthy  appearance,  and  mixed  with  other  substances,  such  as  sili- 
ceous and  aluminous  earths,  oxide  of  iron  and  carbonate  of  lime.  It 
also  occurs  crystallized,  with  an  imperfect  metallic  lustre.  It  may  be 
made  artificially  by  exposing  the  nitrate  of  manganese  to  a  com- 
mencing red  heat,  until  the  whole  of  the  nitric  acid  is  expelled. 

954.  The  peroxide  of  manganese  undergoes  no  change  on  expo-  Properties, 
sure  to  the  air.    It  is  insoluble  in  water,  and  docs  not  unite  either 

with  acids  or  with  alkalies.  When  boiled  with  sulphuric  acid,  it 
yields  oxygen  gas,  and  a  sulphate  of  the  protoxide  is  formed  (365). 
With  hydrochloric  acid,  a  hydrochlorate  is  generated,  and  chlorine 
is  evolved  (60S).  On  exposure  to  a  red  heat,  it  is  converted  with 
evolution  of  oxygen  gas,  into  the  sesquioxide  of  manganese. 

955.  The  peroxide  of  manganese  is  employed  in  the  arts,  in  the  U»et. 
manufacture  of  glass,  and  in  preparing  chlorine  for  bleaching.  In 

the  laboratory  it  is  used  for  procuring  chlorine  and  oxygen  gases, 
and  in  the  preparation  of  the  salts  of  manganese. 

956.  The  hydrated  peroxide  of  manganese  which  is  sometimes  Black  wad, 

called  black  toad,  and  which  occurs  in  froth-like  coatings  on  other 

minerals,  is  remarkable  for  its  spontaneous  inflammation  with  oil. 

If  half  a  pound  of  this  be  dried  before  a  fire,  and  afterwards  suffered  to  cool  Spontane* 
for  about  an  hour,  and  it  be  then  loosely  mixed  or  kneaded  with  two  ounces  of  °«»  inflam- 
linseed  oil ;  the  whole,  in  something  more  than  half  an  hour,  becomes  gradually  n,aUon  °'- 
hot,  and  at  length  bursts  into  flame.  U.  573. 

957.  Red  oxide  Manganese.  MnO-f  Mn'O5,  or  2MnO+MnO?,  Red  °*id«» 
83.1  3  eq.  mang.  +  32  4  eq.  oxy.  =  115.1  equiv.    The  substance 

called  red  oxide  of  manganese,  oxidum  manganoso-manganicum  of 
Arfwedson,  occurs  as  a  natural  production,  and  may  be  formed  artifi- 
cially by  exposing  the  peroxide  or  sesquioxide  to  a  white  heat  either 
in  close  or  open  vessels.  It  is  also  produced  by  absorption  of  oxygen 
from  the  atmosphere  when  the  protoxide  is  precipitnted  from  its  salts 
by  pure  alkalies,  or  when  the  anhydrous  protoxide  or  carbonate  is 
heated  to  redness. 

958.  Fused  with  borax  or  glass  it  communicates  a  beautiful  Fused,  Ac. 
violet  tint,  a  character  by  which  manganese  may  be  easily  detected 

before  the  blow-pipe ;  and  it  is  the  cause  of  the  rich  colour  of  the 
amethyst.  By  cold  concentrated  sulphuric  acid  it  is  dissolved  in 
small  quantity.  The  liquid  has  an  amethyst  tint,  which  disappears 
when  heat  is  applied,  or  by  the  action  of  deoxidizing  substances. 

959.  It  may  be  doubted  whether  the  red  oxide  is  not  rather  a  Composi- 
kind  of  salt  composed  of  two  other  oxides,  than  a  direct  compound  of tion- 
manganese  and  oxygen.    From  the  ratio  of  its  elements  it  may  con- 
sist either  of 

Hesquioxide  .    .   79.4  or  one  eq.  >  C  Peroxide     !    .    43  7  or  one  eq. 

Protoxide     .    .    35.7  or  one  eq.  5      or      \  Protoxide    .    .    71.4  or  two  eq. 

115.1  115.1 

It  contains  27.586  per  cent,  of  oxygen,  and  loses  6.896  per  cent, 
when  converted  into  the  green  or  protoxide.*  T. 


•  Varticiie.    MnaO,-j-2MnO«  (probably),  110  8  4  eq.  mang.  +  66  7  eq  oxy.  =  166.8  v^kitt. 
eoair.   This  compound  is  known  only  as  a  natural  production,  having  been  first  no* 
twd  a  few  years  ago  hy  Phillips  among  some  ores  of  manganese  found  at  Hartshill, 
u>  Wirwickshire.   The  locality  of  the  mineral  suggested  its  name.    Varvtcite  was  at 
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ft*1**  Manganic  Acid.    Mn+30,  M,  or  MnO3,  27.7  1  eq.  mang. 


-f-  24  3  eq.  oxy.  =  51.7  equiv.  Manganese  is  capable  of  forming 
an  acid  with  oxygen.  Manganate  of  poiassa  is  generated  when  hy- 
drate or  carbonate  of  potassa  is  heated  to  redness  with  peroxide  of 
manganese;  and  nitre  may  be  used  successfully,  provided  the  heat 
be  high  enough  to  decompose  the  nitrate  of  potassa.* 
Mineral  961.  The  materials  absorb  oxygen  from  the  air  when  fused  in 
chameleon,  open  vessels ;  but  manganate  of  potassa  is  equally  well  formed  in 
close  vessels,  one  portion  of  oxide  of  manganese  then  supplying  oxy- 
gen to  another.  The  product  has  been  long  known  under  the  name 
of  mineral  chameleon,  from  the  property  of  its  solution  to  pass  rapidly 
through  several  shades  of  colour :  on  the  first  addition  of  cold  water, 
a  green  solution  is  formed  which  soon  becomes  blue,  purple,  and 
red  ;  and  ultimately  a  brown  flocculent  matter,  hydrated  peroxide  of 
manganese,  subsides,  and  the  liquid  becomes  colourless.t 

£  Put  equal  quantities  of  this  substance  into  two  separate  glass  vessels,  and  pour 

P*  on  the  one  hot,  and  on  the  other  cold  water.    The  hot  solution  will  have  a  beau- 

tiful green  colour,  and  the  cold  one  a  deep  purple.  The  same  material,  with  wa- 
ter of  different  temperatures,  assumes  various  shades  of  colour. 

Theory.  The  phenomena  are  owing  to  the  formation  of  manganate  of  po- 
tassa of  a  green  colour,  and  to  its  ready  conversion  into  the  red  per- 
manganate of  potassa,  the  blue  and  purple  tints  being  due  to  a  mix- 
ture of  these  compounds.  Manganic  acid  itself  cannot  be  obtained 
in  an  uncombined  state,  because  it  is  then  resolved  into  the  hydrated 
peroxide  and  oxygen. 

962.  Manganate  of  potassa  is  obtained  in  crystals  by  forming  a 
concentrated  solution  of  mineral  chameleon  in  cold  water,  very  pure 
and  free  from  carbonic  acid,  allowing  it  to  subside  in  a  stoppered 
bottle,  and  evaporating  the  clear  green  solution  in  vacuo  with  the 
aid  of  sulphuric  acid.  All  contact  of  paper  and  other  organic  matter 
must  be  carefully  avoided,  since  they  deoxidize  the  acid,  and  the 
process  be  conducted  in  a  cool  apartment.  The  crystals  are  anhy- 
drous, and  permanent  in  the  dry  state ;  but  in  solution  the  carbonic 
acid  of  the  air  suffices  to  decompose  the  acid,  or  even  simple  dilution 
with  cold  water.  Mixed  with  a  solution  of  potassa,  the  manganate 
may  be  crystallized  a  second  time  in  vacuo  without  change. 

m'Tid***     963>  i?<^^amc^c«fI,Mn+70,Mn,orMna07,65.42eq. mang 

+  56  7  eq.  oxy.  =  111.4  equiv.,  is  obtained  by  heating  a  solution 

of  mineral  chameleon. 

Wohler's  The  process  of  VVohler  consists  in  fusing  chlorate  of  potassa  in  a  platinum  cru- 
cible, and  adding  peroxide  of  manganese  in  fine  powder.  Gregory  has  improved 
this ;  he  mixes  I  parts  of  the  peroxide  with  3£  parts  of  the  chlorate,  adds  it  to  5 
parts  of  hydrate  of  potassa  dissolved  in  a  small  quantity  of  water,  evaporates  to 


Manganate 
ol 


process. 


first  mistaken  for  peroxide  of  manganese,  but  is  readily  distinguished  by  its  stronger 

b«*o 
red 


lustre,  greater  hardness,  more  lamellated  texture,  and  "by  yielding  water  freely  wb««a 
heated  to  redness.    Its  sp.  gr.  is4.53l.   When  strongly  heated  it  is  converted  int 


oxide,  losing  6.725  per  cent,  of  water,  and  7.385  of  oxygen. 

*  One  part  of  manganese  well  mixed  with  three  or  four  of  nitre  may  be  exposed  to  a 
bright  red  heat  for  half  an  hour  in  a  crucible.  The  crucible  should  be  but  one  third 
full. 

t  These  changes,  which  are  more  rapid  by  dilution  and  with  hot  water,  have  been  suc- 
cessively elucidated  byChevillol  and  Edwards,  Forcbammer  and  Milscberlich.  An. 
dtCh.etdt  Ph.  viii.  and  xlix.  113,  and  An.  ef  Phil,  xvi. 
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and  exposes  the  fino  powder  in  a  platinum  crucible  lo  a  low  red  heat.    Sect.  V. 

The  mass  not  fused  is  again  powdered  and  added  to  a  large  quantity  of  boiling 
water  ;  when  this  is  clear  it  is  to  be  decanted,  rapidly  concentrated,  and  crystal- 
lized. The  crystals  are  to  be  washed  in  a  little  cold  water  and  redissolved  in  the 
smallest  possible  quantity  of  boiling  water. 

The  acid  may  be  obtained  by  adding  to  a  solution  of  permanga-  Acid  ob- 
nate  of  baryta  dilute  sulphuric  acid  to  precipitate  the  baryta. 

964.  This  acid  has  a  rich  red  colour ;  contact  with  paper  or  linen 
as  in  filtering,  particles  of  cork,  organic  particles  floating  in  the  at- 
mosphere  decompose  it  rapidly;  colouring  matters  are  bleached  by 
it ;  and  in  pure  water  its  decomposition  begins  at  86°,  and  is  com- 
plete at  212°.  On  these  occasions  oxygen  gas  is  abstracted  or  given 
out,  and  hydrated  peroxide  of  manganese  subsides. 

965.  The  salts  of  permanganic  acid  are  more  permanent  than  the  Its 
free  acid  ;  so  that  most  of  them  may  be  boiled  in  solution,  especially 

if  concentrated.    When  heated  they  give  out  oxygen  gas ;  they  de- 
flagrate like  nitre,  and  detonate  powerfully  with  phosphorus. 

966.  In  constitution  this  acid  bears  a  remarkable  analogy  to  per-  Composi. 
chloric  acid*  Uon- 

967.  Pcrchloride  of  Manganese.    2Mn+7Cl,  or  Mn'Cl7,  65.4  2  Perchlo- 
eq.  mang.  +  247.94  7  eq.  chlor.  =  303.34  equiv.    This  compound 

is  formed  by  putting  a  solution  of  permanganic  into  strong  sulphuric 
acid,  and  then  adding  fused  sea-salt. 

The  best  mode  of  preparation  is  to  form  the  green  mineral  chameleon,  and  aci- 
dulate with  sulphuric  acid  :  the  solution,  when  evaporated,  leaves  a  residue  of 
sulphate  and  permanganate  of  potassa.  This  mixture,  treated  by  strong  sulphuric 
acid,  yields  a  solution  of  permanganic  acid,  to  which  are  added  small  fragments  of 
tea-sail,  as  long  as  coloured  vapour  continues  to  be  evolved. t 

96S.  The  perchloride,  when  first  formed,  appears  as  a  vapour  of  Properties, 
a  copper  or  greenish  colour;  but  on  traversing  a  glass  tube  cooled 
to  — 4°,  it  is  condensed  into  a  greenish-brown  coloured  liquid. 
When  generated  in  a  capacious  tube,  its  vapour  gradually  displaces 
the  air,  and  soon  fills  the  tube.  If  it  is  then  poured  into  a  large  flask, 
the  sides  of  which  are  moist,  the  colour  of  the  vapour  changes  in- 
stantly on  coming  into  contact  with  the  moisture,  a  dense  smoke  of  a 
pretty  rose  tint  appears,  and  hydrochloric  and  permanganic  acids  are 
generated. 

It  is  hence  analogous  in  composition  to  permanganic  acid,  its  ele-  Comnosi- 
ments  being  in  such  a  ratio  that  Uo11, 

1  eq.  perchloride  and  7  eq.  water  2  1  eq.  permang.  acid  and  7  eq.  hydrochloric  acid. 
2Mn+7CI  7(H-K>)    •£    2Mo-r70  7(H+C1). 

969.  Perfluoride  of  Manganese.    2Mn+7F,  or  Mn*F\  55.4 

2  eq.  mang.  +  130.76  7  eq.  oxy.  =  186.16  equiv.  This  gase- 
ous compounds  is  formed  by  mixing  common  mineral  chamele- 
on with  half  its  weight  of  fluor  spar,  and  decomposing  the  mixture 
in  a  platinum  vessel  by  fuming  sulphuric  acid.    The  fluoride  is  then 

*  ProtocMoride  of  Manganese,  Mn+Cl,  or  MnCl,  27.7  I  eq.  mang.  -f  35.42  1  eq. 
chlor.  =  63.12  equiv.,  is  best  prepared  by  evaporating  a  solution  of  the  chloride  to 
dryness  bv  a  gentle  heat,  and  heating  the  residue  to  redness  in  a  glass  tube,  while  a 
current  of  hydrochloric  acid  gait  is  transmitted  through  it.  The  heal  of  a  spirit  lamp 
w  sufficient  for  the  purpose.  It  fuses  readily  at  a  red  heat?  and  forms  a  pink-coloured 
mass  on  cooling.    It  is  deliquescent,  and  of  course  very  soluble  in  water. 


huuel fated  mass  on  cooling.    It  is  deliquescent,  and  of  course  very 
t  Edin.  Jour,  of  Set.  viii.  179. 

I  Discovered  by  Duma,  and  Wohler,  Edin.  Jour,  of  Seu  «. 
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iv.  disengaged  in  the  form  of  a  greenish-yellow  gas  or  vapour,  of  a  more 
"  intensely  yellow  tint  than  chlorine.  When  mixed  with  atmospheric 
air,  it  instantly  acquires  a  beautiful  purple-red  colour ;  and  it  is 
freely  absorbed  by  water,  yielding  a  solution  of  the  same  red  tint 
It  acts  instantly  on  glass,  with  formation  of  fluosilicic  acid  gas,  a 
brown  matter  being  at  the  same  time  deposited,  which  becomes  of  a 
deep  purple-red  tint  on  the  addition  of  water.* 

Iron. 

Symb.  Fe       Equtv.  28  ? 

Iron.  970.  The  most  important  native  combinations  of  iron,  whence  the 

immense  supplies  for  the  arts  of  life  are  drawn,  are  the  oxides.  Iron 
is  also  found  combined  with  sulphur,  and  with  several  acids  ;  it  is  so 
abundant  that  there  are  few  fossils  free  from  it.    It  is  also  found  ia 
some  animal  and  vegetable  bodies,  and  in  several  mineral  waters. 
Iron  is  sometimes  found  native.t  and  is  usually  regarded  as  of 

Native.  meteoric  origin,  for  it  is  invariably  alloyed  by  a  portion  of  the  metal 
nickel,  and  a  similar  alloy  is  found  in  meteoric  ttonet.  Native  Iron 
is  flexible,  cellular,  and  often  contains  a  green  substance  of  a  vitreous 
appearance*  It  has  been  found  in  Africa,  in  America,  and  in  Sibe- 
ria, where  a  mass  of  it  weighing  1600  lbs.  was  discovered  by  Pallas. 
The  mass  found  in  Peru,  described  by  Don  Rubin  de  Celis,  weighed 
15  tons. 

Properties.     971*  ^ron  *s  8  mela^  of  a  l)'ue  white  colour,  fusible  at  a  white  heat. 

Its  specific  gravity  is  7.88.    It  has  not  been  so  long  known  as  many 
of  the  other  metals  ;  it  was,  however,  employed  in  the  time  of  Mo- 
ses for  cutting  instruments.    It  is  extremely  ductile,  but  cannot  be 
hammered  out  into  very  thin  leaves. 
Combines      972.  Exposed  to  heat  and  air  iron  quickly  oxidizes,  or  in 
withoxy-   language,  rusts.    If  the  temperature  of  the  metal  be  raised, 
gtn'         change  goes  on  more  rapidly,  and  when  made  intensely  hot,  takes 
place  with  the  appearance  of  actual  combustion.    Thus  the  small 
fragments,  which  fly  from  a  bar  of  iron  during  forging,  undergo  a 
vivid  combustion  in  the  atmosphere ;   and  iron  filings,  projected 
upon  the  blaze  of  a  torch,  burn  with  considerable  brilliancy.  The 
oxide,  obtained  in  these  ways  is  of  a  black  colour,  and  is  still  attract- 
ed by  the  magnet. 

Effect  of  ^73.  By  contact  with  water  at  the  temperature  of  the  atmosphere, 
water,  at  iron  becomes  slowly  oxidized,  and  hydrogen  gas  is  evolved.  When 
JJJJJJJJ,  tr|e  steam  of  water  is  brought  into  contact  with  red-hot  iron,  the  iroo 
lores.  is  converted  into  black  oxide  ;  and  an  immense  quantity  of  hydropen 
Of  steam,  gas  set  at  liberty  (405).  The  iron  is  afterward  found  to  have  lost 
all  its  tenacity,  and  may  be  crumbled  down  into  a  black  powder,  to 
which  the  name  of  finery  cinder  was  given  by  Priestley. 


•tpWat     *  PrototUphxtrrt  of  \fajyrnr\c*r,  Mn-fS.  or  MnS,  27.7  1  rq.»mang  -f  1 6. 1  |  eq. 

"  ^  =  43  8  equiv..  may  I*  procured  by  igniting  thesulpbate  with  one  sixth  of  it*  weightof 
charcoal  in  powder  *  It  i*  also  formed  by  the  action  of  hydrosnlphunc  acid  ess  « 
the  protmulphatc  at  a  red  heat.t  It  occurs  native  in  Cornwall,  and  at  Nagyag  t* 
Tranaylvania.  It  diifcolves  completely  in  dilute  sulphuric  or  hydrochloric  acid,  vita 
disengagement  of  very  pure  hydn  .sulphuric  acid  gas. 

t  Native  iron  of  terrestrial  origin  has  been  observed  at  Canaan,  Conn.,  and  l 
ford  Co.  N.  C.   J.  D.  Daoa's  System  of  Mineralogy,  1837. 

fArfwsdaon  In  P*  etf.Vw.H  f 
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974.  When  iron  is  dissolved  in  diluted  sulphuric  acid,  the  acid  is    Sect  v. 
not  decomposed  ;  but  the  metal  is  oxidized  at  the  expense  of  the  wa-  of  sujphu- 
ter  and  hydrogen  gas  is  obtained  (378).*  ricacid. 

The  eq.  of  iron  has  not  been  determined  with  accuracy. 

975.  Protoxide  of  Iron,  Fe-j-O,  Fe,  or  Fed  28  I  eq.  iron  + 
8  1  eq.  oxy.  =  36  equiv.  This  oxide  is  the  base  of  the  native  car- 
bonate of  iron,  and  of  the  green  vitriol  of  commerce.  It  is  doubtful 
if  it  has  ever  been  obtained  in  an  insulated  form.  Its  salts,  particu- 
larly when  in  solution,  absorb  oxygen  from  the  atmosphere  with 
such  rapidity  that  they  may  even  be  employed  in  eudiomeiry. 
This  protoxide  is  always  formed  with  evolution  of  hydrogen  gas 
when  metallic  iron  is  put  into  dilute  sulphuric  acid  ;  and  its  compo- 
sition may  be  determined  by  collecting  and  measuring  the  gas  which 
is  disengaged. 

976.  Protoxide  of  iron  is  precipitated  from  its  salts  as  a  white  hy-  Preeipita- 
drate  by  pure  alkalies,  as  a  white  carbonate  by  alkaline  carbonates, 
and  as  a  white  ferrocyanuret  by  ferrocyanuret  of  potassium.  The 
two  former  precipitates  become  first  green  and  then  red,  and  the  lat- 
ter, green  and  blue  by  exposure  to  the  air.  The  solution  of  gall- 
nuts  produces  no  change  of  colour.  Hydro-sulphuric  acid  does  not 
act  if  the  protoxide  is  united  with  any  of  the  stronger  acids ;  but 
alkaline  hydrosulphates  cause  a  black  precipitate,  protosulphuret  of 


977.  Sesquioxide  of  Iron.    2Fe-f-30,  Fe,  or  Fe'O3,  56  2  eq.  iron  Sesquiox- 

-f-  24  3  eq.  oxy.  =  80  equiv.    The  red  or  sesquioxide  is  a  natural ,de' 
product,  known  as  red  heematite.    It  occurs  massive  and  fibrous.  It 
may  be  made  by  dissolving  iron  in  nitro-hydrochloric  acid,  and  add- 
ing an  alkali.    The  hydrate  of  the  red  oxide,  consists  of  80  parts 
or  one  eq.  of  the  sesquioxide,  and  18  parts  or  two  eq.  of  water. 

978.  It  is  not  attracted  by  the  magnet.    Fused  with  vitreous  sub-  Properties, 
stances,  it  communicates  to  them  a  red  or  yellow  colour.    It  com- 
bines with  roost  of  the  acids,  forming  salts,  the  greater  number  of 

which  are  red.  Its  presence  may  be  detected  by  very  decisive  tests, 
The  pure  alkalies,  fixed  or  volatile,  precipitate  it  as  the  hydrate. 
Alkaline  carbonates  have  a  similar  effect,  peroxide  of  iron  not  form- 
ing a  permanent  salt  with  carbonic  acid.  With  ferrocyanuret  of 
potassium  it  forms  Prussian  blue.  Sulphocyanuret  of  potassium 
causes  a  deep  blood-red  ;  and  infusion  of  gall-nuts,  a  black  colour. 
Hydrosulphuric  acid  converts  the  sesquioxide  into  protoxide  of  iron, 
with  deposition  of  sulphur.  These  reagents,  and  especially  ferrocy- 
anuret and  sulphocyanuret  of  potassium,  afford  an  unerring  test  of 
the  presence  of  minute  quantities  of  sesquioxide  of  iron.  On  this 
account  it  is  customary,  in  testing  for  iron,  to  convert  it  into  tbe 

*  Tbe  action  of  nitric  acid  on  iron  is  attended  by  a  series  of  Tery  remarkable  phenome-  Acik»  of  mine 
na,  which  have  been  recently  observed  by  Schonbein.  He  observed  that  this  acid  of  sp. 
gr.  1.35  tbough  capable  of  acting  with  violence  on  ordinary  iron,  was  inert  on  an  iron 
wire,  one  extremity  of  which  had  been  previously  made  red-hot.  He  found,  too,  that 
this  indifference  to  nitric  acid,  may  be  communicated,  by  mere  contact,  from  one  iron 
wire  to  another,  by  submersion  for  a  few  moments  into  strong  nitric  acid,  or  by  making 
it  tbe  positive  electrode  of  a  galvanic  current,  the  negative  electrode  having  been  pre- 
viously introduced  into  the  acid.  Under  these  circumstances  the  wire  does  not  com- 
bine with  the  oxygen  liberated.  Faraday  has  found  that  the  same  property  is  given 
to  iron  by  contact  with  platinum,  and  that  tbe  effect  is  not  limited  to  nitric  acid.  See 
the  original  papers  in  Phil.  Mag.  and  Arm.  ix.  63,  x.  133,  fee. 
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ghfe  nr.  lesquioxide,  an  dbjCct  which  is  easily  accomplished  by  boiling  lbs 
"  solution  with  a  small  quantity  of  nitric  acid. 

Black  or       979*  Black>      Magnetic  Oxide.    FeO+Fe'O*,  36  1  eq.  protox. 

mneneiic  iron  -|-  80  1  oq.  sesquiox.  iron  =  116  equiv.  This  substance,  the 
oxidum  ferroso-ferricum  of  Berzelius,  long  supposed  to  be  protoxide 
of  iron,  contains  more  oxygen  than  the  protoxide,  and  less  than  the 
red  oxide.  It  cannot  be  regarded  as  a  definite  compound  of  iron  and 
oxygen  ;  but  it  is  composed  of  the  two  real  oxides.  It  occurs  native, 
frequently  crystallized  in  the  form  of  a  regular  octohedron  ;  and  it  ■ 
not  only  attracted  by  the  magnet,  but  is  itself  sometimes  magnetic. 
It  is  always  formed  when  iron  is  heated  to  redness  in  the  opeo 
air  ;  and  is  likewise  generated  by  the  contact  of  watery  vapour  with 
iron  at  elevated  temperatures. 

c      fi       990.  The  composition  of  the  product,  however,  varies  with  the 

^ompoM-   (juraljon  0f       proccSj,  anrj  the  temperature  which  is  employed. 

Thus,  according  to  Buchholz,  Berzelius,  and  Thomson,  100  parts  of 
irou,  when  oxidized  by  steam,  unite  with  nearly  30  of  oxygeo; 
whereas  in  a  similar  experiment  performed  by  Gay-Lussac,  37  S 
parts  of  oxygen  were  absorbed. 
Action  of      9"**        nalure  °f  tne  black  oxide  is  farther  elucidated  by  the 
aadsoo.    action  of  acids.    On  digesting  the  black  oxide  in  sulphuric  acid,  so 
olive-coloured  solution  is  formed,  containing  two  salts,  sulphate  of 
the  sesquioxide  and  protoxide,  which  may  be  separated  from  each 
other'by  means  of  alcohol.*    The  solution  of  these  mixed  salts  |ives 
green  precipitates  with  alkalies,  and  a  very  deep  blue  ink  with  infu- 
sion of  gall-nuts.    The  black  oxide  of  iron  is  the  cause  of  the  doll 
green  colour  of  bottle  glass. 
Protochlo-     982  Protochioride  of  Iron.    Fe+Cl,  or  FeCl,  28  1  eq.  iron  + 
ridt,        36.42  1  eq.  chlor.  =  63.42  equiv.    This  compound  is  formed  by 
transmitting  dry  hydrochloric  acid  gas  over  iron  at  a  red  heat,  wheo 
hydrogen  gas  is  evolved  and  the  surface  of  the  iron  is  covered  with 
a  white  crystalline  protochioride  which  at  a  stronger  heat  is  sub- 
limed.   Also,  on  acting  with  hydrochloric  acid  on  iron,  which  is 
dissolved  with  evolution  of  hydrogen  gas,  evaporating  to  dryness, 
and  heating  to  redness  in  a  tube  without  exposure  to  the  air. 
Solution.       983.  Protochioride  of  iron  dissolves  freely  in  water,  yielding  t 
pale  green  solution,  from  which  rhomboidal  prisms  of  the  same  co- 
lour are  obtained  by  evaporation.    The  crystals  contain  seven! 
equivalents  of  water  of  crystallization,  deliquesce  by  exposure  to  the 
air,  owing  to  the  formation  of  sesquichloride,  and  nrc  soluble  iu  alcohol 
as  well  as  water.    The  aqueous  solution  absorbs  oxygen  from  the 
air,  and  becomes  yellow  from  the  formation  of  sesquichloride  of  iron: 
one  portion  of  iron  takes  oxygen  from  the  air,  and  yields  its  chlorine 
to  another  portion  of  iron,  whereby  sesquichloride  and  sesquioxide  of 
iron  are  generated,  and  the  latter  falls  as  an  ochreous  sediment  com- 
bined with  some  of  the  sesquichloride. 

984.  Sesquichloride  of  Iron,  2Fe+  3C1,  or  Fe'CP,  56  2  eq.  imo 
-f-  106.26  3  eq.  chlor.  =  162.26  equiv.,  is  formed  by  the  combustion 
of  iron  wire  in  dry  chlorine  gas,  and  by  transmitting  that  gas  orer 
iron  moderately  heated ;  when  it  is  obtained  in  small  iridescent 
plates  of  a  red  colour,  which  are  volatile  at  a  heat  a  little  above  2lS?°, 
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readily,  and  dissolve  in  water,  alcohol,  and  etf»er«  On  fret  v. 
agitating  ether  with  a  strong  aqueous  solution  of  the  sesquichloride, 
the  ether  abstracts  a  part  of  it,  and  acquires  a  gold  - yellow  colour* 
The  readiest  mode  of  obtaining  a  solution  of  the  sesquichloride  is  to 
dissolve  sesquioxide  of  iron  in  hydrochloric  acid.  On  concentrating 
to  the  consistence  of  syrup  and  cooling,  it  separates  as  red  crystals, 
which  by  distillation  yield  at  first  water  and  hydrochloric  acid,  and 
then  anhydrous  sesquichloride  of  iron,  leavings  compound  of  sesqui- 
oxide  and  sesquichloride  of  iron  in  crystalline  I  a  mince. 

985.  Protiodide  of  Iron.  Fe-f-I,  or  Fel,  28  1  eq.  iron  +  126.3 
1  eq.  iod.  =  154.3  equiv.  It  exists  as  a  pale  green  solution  when 
iodine  is  digested  with  water  and  irou  wire,  the  latter  being  ia  ex- 
cess ;  and  on  evaporating  the  solution,  without  exposure  to  the  air, 
to  dryness,  and  heating  moderately,  the  protiodide  is  fused,  and  on 
cooling  becomes  an  opaaue  crystalline  mass  of  an  iron-gray  colour 
and  metallic  lustre.  It  is  deliquescent  and  very  soluble  in  water  and 
alcohol. 

9S6.  Its  aqueous  solution  attracts  oxygen  rapidly  from  the  air,  un- 
dergoing the  same  kind  of  change  as  the  protochloride :  to  preserve 
a  solution  of  protiodide  as  such,  a  long  piece  of  iron  wire  should  be 
kept  permanently  in  the  liquid.  This  compound  has  been  very  suc- 
cessfully employed  in  medical  practice.* 

987.  Siilphurets  of  Iron.  These  elements  have  for  each  other  a 
remarkably  strong  affinity,  and  unite  under  various  circumstances 
and  in  several  proportions.  The  two  lowest  degrees  of  sulphura- 
tion,  the  tetrasidphuret  and  disulphurtt,  were  prepared  by  Arfwed- 
son  by  transmitting  a  current  of  hydrogen  gas,  at  a  red  heat,  over 
the  anhydrous  disulphate  of  sesquioxide  of  irou  to  procure  the  tetrnsui- 
phuret,  and  over  anhydrous  sulphate  of  protoxide  of  iron  for  the 
disulphuret  In  both  cases  sulphurous  acid  and  water  are  evolved, 
and  the  resulting  sulphurets  are  left  as  grayish-black  powders,  sus- 
ceptible of  a  metallic  lustre  by  friction.  They  both  dissolve  in  dilute 
sulphuric  acid  with  evolution  of  hydrogen  atid  hydrosulphuric  acid 
gases. t 

9S9.  Prototulphuret  of  Iron,  Fe+S,  or  FeS,  28  1  eq.  iron  +  Protoeul- 
16.1  1  eq.  sulph.  =s  44.1  equiv.,  is  prepared  by  heating  thin  lamina?  phurei. 

*  Saquiodide  of  Iron,  2Fe+3l,  or  Fe2I3.  06  2  eq.  iron  +  378  9  3  eq.  iod.  =  434  9 
equir.of  a  yellow  or  orange  colour  according  to  the  strength  of  the  solution,  is  obtain* 
ed  by  freely  exposing  a  solution  of  the  protiodide  to  the  air,  or  digesting  iron  wire 
with  excess  of  iodine,  gently  eTaporaling  and  suhlimin?  the  sesquiod.de.  It  is  a  rola- 
Ule  red  compound,  deliquescent,  and  soluhle  in  water  and  alcohol. 

The  bromide*  of  iron  are  formed  under  similar  conditions  to  the  chlorides  and 
iodides,  and  are  very  analogous  to  them  in  their  properties. 

Protojluoride  of  Iron,  28  i  eq.  iron  4-  18. 68  l  eq.  fluor.  =  46.88  is  best  pre- 
pared by  dissolving  iron  in  a  solution  of  hydrofluoric  and,  out  of  which  it  crystallizes 
as  the  acid  becomes  saturated,  in  small  while  square  tables,  which  are  sparingly  soluble 
in  water,  and  become  pale  yellow  by  the  action  of  the  air.  By  heat  they*^art  with 
their  water  of  crystallization,  aad  afterwards  bear  a  red  heat  without  decomposition. 
Berzelius. 

Setqmjtaoride  of  Iron,  2Fe+3F,  or  Fe*F3,  54  2  eq.  iron  +  58.04  3  eq.  fluor.  =s 
112-04  equiT.,  is  formed  by  dissolving  sesquioxide  of  iron  in  hydrofluoric  acid  and  yields 
a  colourless  solution  even  when  saturated.  By  evaporation  it  is  left  as  a  crystalline 
mass  of  a  pale  flesh-colour,  and  of  a  mild  astringent  taste.  It  is  sparingly  soluble  in 
water. 

t  Trtrasulphurd  of  Iron.   4 Fe+S,  or  Fe'S,  112  4  eq.  iron  +  16.1  1  eq.  sulph.  =s 
128.1  eouiv. 

PUxdpkuTd  qflron.  2Fe+S,  or  Fe*S,  66  2  eq.  iron  +  16.1  1  eq.  sulph.  aw  72.1  equiv. 
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Chap,  iv.  of  iron  to  redness  with  sulphur  in  a  covered  Hessian  crucible,  and 
continuing  the  heat  until  any  excess  of  sulphur  is  expelled.  The 
iron  is  found  with  a  crust  of  protosulphuret,  which  is  brittle,  of  a 
yellowish-gray  colour  and  metallic  lustre,  and  is  attracted  by  the 
magnet.  When  pure  it  is  completely  dissolved  by  dilute  sulphuric 
acid,  yielding  pure  hydrosulphuric  acid  (764).  The  protosulphuret  of 
iron  exists  in  nature  as  an  ingredient  in  variegated  copper  pyrites  ;  and 
it  falls  on  mixing  hydrosulphate  of  ammonia  with  sulphate  of  pro- 
toxide of  iron  as  a  black  precipitate,  which  oxidizes  rapidly  by 
absorbing  oxygen  from  the  air,  as  soon  as  the  excess  of  hydrosul- 
phate of  ammonia  is  removed  by  washing. 

989.  Sesquisulpkuret  of  Iron,  2Fe+3S,  or  Fe*S',  56  2  eq.  iron  + 
48.3  3  eq.  sulph.  =  104.3  equiv.,  is  formed  in  the  moist  way  by 
adding  sesquichloride  of  iron  drop  by  drop  to  hydrosulphate  of  am- 
monia or  sulphuret  of  potassium  in  excess,  and  falls  as  a  black  preci- 
pitate, which  is  oxidized  readily  by  the  air.  In  the  dry  way  it  is 
slowly  produced  by  the  action  of  hydrosulphuric  acid  gas  on  sesqui- 
oxide  of  iron  at  a  heat  not  exceeding  212°,  water  being  also  formed ; 
and  by  the  action  of  the  same  gas  on  the  hydrated  sesquioxide  at 
common  temperatures.  This  sulphuret,  when  anhydrous,  has  a 
yellowish-gray  colour,  is  not  attracted  by  the  magnet,  and  dissolves 
in  dilute  sulphuric  or  hydrochloric  acid,  yielding  hydrosulphuric 
acid  and  a  residue  of  bisulphuret  of  iron.* 

990.  Bisulphuret  of  Iron.  Fe+2S,  or  FeS»,  28  1  eq.  iron  + 
32.2  2  eq.  sulph.  =  60.2  equiv.  This,  the  iron  pyrites  of  mineralo- 
gists, exists  abundantly  in  the  earth.  It  occurs  in  cubes  or  some 
allied  form,  has  a  yellow  colour,  metallic  lustre,  a  density  of  4.9S1, 
and  is  so  hard  that  it  strikes  fire  with  steel.  Some  varieties  have  a 
white  colour  ?  but  these  usually  contain  arsenic.  Others  occur  in 
rounded  nodules,  have  a  radiated  structure  divergent  from  a  common 
centre,  are  often  found  in  beds  of  clay  and  are  much  disposed  by  the 
influence  of  air  and  moisture  to  yield  sulphate  of  protoxide  of  iron. 

Action  of  991.  Bisulphuret  of  iron  is  not  attacked  by  any  of  the  acids  ex- 
acids.       cept  the  nitric,  and  its  best  solvent  is  the  nitro-hydrochloric  acid. 

Heated  in  close  vessels  it  gives  off*  nearly  half  its  sulphur,  and  is 
converted  into  magnetic  iron  pyrites. 
Magnetic.  992  Magnetic  Pyrites.  5FeS+ FeSa,  60.2  1  eq.  bisulph.  of  iron 
-j-  220.5  5  eq.  protosuph.  of  iron  =  280.7  equiv.  This  is  a  natural 
product,  termed  magnetic  pyrites  from  being  attracted  by  the  magnet, 
and  was  formerly  regarded  as  protosulphuret  of  iron  ;  but  it  may  be 
regarded  as  a  compound  of  bisulphuret  and  protosulphuret.  It  is 
formed  by  heating  the  bisulphuret  to  redness  in  close  vessels,  by 
fusing  iron  filings  with  half  their  weight  of  sulphur,  or  by  rubbing 
sulphur  upon  a  rod  of  iron  heated  to  whiteness  (754).  It  yields  hy- 
drosulphuric acid  gas.t 

*  Berzelius. 

i  Diphosphuret  of  Iron.  2Fe+P;  or  Fe^P,  56  2  eq.  iron  +  15.7  1  eq.  phosph.  = 
71.7  equiv.  Il  is  prepared  by  exposing  the  phosphate  of  protoxide  of  iron  to  a  strong 
heat  iu  a  covered  crucible  hoed  with  charcoal,  the  excess  of  phosphorus  being  dissi- 

Cated  in  vapour.  It  is  a  fused  granular  mass,  of  the  colour  and  lustre  of  iron,  but  very 
rittle,  aud  is  not  attacked  by  hydrochloric  acid.  It  is  sometimes  contained  in  metal- 
lic iron,  to  the  properties  of  which  it  is  very  injurious  by  rendering  it  brittle  at  com- 
mon temperatures. 

Perphot.  of  Iron.  3Fe+4P,  or  Fe«P<,  84  S  eq.  iron+62.8  1  eq.  pho«ph.=*  146.8  eqoiv. 
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993.  Carburets  of  Iron.    Iron  combines  with  carbon  in  various  Sect. 
proportions;  and  the  varieties  of  proportion  occasion  great  differ- Carburets, 
ences  of  properties  in  the  compounds.    On  these  varieties,  and  the 
occasional  combination  of  a  small  proportion  of  oxygen,  depend  the 
qualities  of  the  different  kinds  of  iron  used  in  the  arts,  as  cast-iron, 

steel.  &c.  &c. 

994.  The  substance  termed  Graphite,  Plumbago,  and  Black  lead,  is  Graphite, 
a  mechanical  mixture  of  charcoal  and  iron  ;  the  artificial  graphite 

is  a  real  carburet.    The  last  may  be  formed  by  exposing  iron  with 
excess  of  charcoal  to  a  violent  and  long  continued  heat. 

The  first  is  not  an  uncommon  mineral,  though  rarely  found  of  Uses, 
sufficient  purity  for  tho  manufacture  of  pencils  :*  the  coarser  kinds 
and  the  dust,  are  melted  with  sulphur  to  form  common  carpenters' 
pencils :  crucibles  are  sometimes  made  of  it,  and  it  forms  an  ingredi- 
ent in  compositions  for  covering  cast-iron,  and  for  diminishing  fric- 
tion in  machines.    It  contains  from  4  to  10  per  cent,  of  iron. 

995.  Plumbago  burns  with  great  difficulty  :  when  intensely  heat-  Effect  of 
ed  in  a  Toricellian  vacuum  by  a  Voltaic  battery,  Davy  found  that  its  heat,  Ac 
characters  remained  wholly  unaltered,  neither  could  any  evidence  of 

its  containing  oxygen  be  derived  from  the  action  of  potassium.  But 
when  exposed  to  the  focus  of  a  powerful  burning  lens  in  oxygen  gas, 
it  was  observed  that  the  gas  became  clouded,  and  that  dew  was  de- 
posited, indicating  the  presence  of  hydrogen  or  of  water.t 

996.  An  extremely  important  part  of  the  chemical  history  of  iron  varietiee 
relates  to  the  varieties  of  the  metal  which  are  found  in  commerce,  of  iron, 
These  are  much  too  numerous  to  be  dwelt  upon  here;  the  principal 

of  them  are  cast,  iron,  wrought  iron,  and  steel. 

Of  cast  iron,  there  are  two  principal  varieties,  distinguished  by  the  Caat  iron, 
terms  white  and  gray.    The  first  is  very  hard  and  brittle,  and  when 
broken,  of  a  radiated  texture.    Acids  act  upon  it  but  slowly,  and 
exhibit  a  texture  composed  of  a  congeries  of  plates,  aggregated  in  va- 
rious positions. 

Gray  or  mottled  iron  is  softer  and  less  brittle  ;  it  may  be  bored  Gray  iron, 
and  turned  in  the  lathe.  When  immersed  in  dilute  hydrochloric 
acid,  it  affords  a  large  quantity  of  black  insoluble  matter,  which 
Daniell  considers  as  a  triple  compound  of  carbon,  iron,  and  silicon, 
and  which  has  some  very  singular  properties.  The  texture  of  the 
metal  resembles  bundles  of  minute  needles. 

Cast  iron  always  contains  impurities,  such  as  charcoal,  undecom- 
posed  ore,  and  earthy  matters,  which  are  often  visible  by  mere  in- 
spection ;  and  sometimes  traces  of  chromium,  manganese,  sulphur, 
phosphorus  and  arsenic  are  present.  It  fuses  readily  at  2786°  F.,t 
which  is  a  full  red  heat,  and  in  cooling  it  acquires  a  crystalline  gra- 
nular texture. 

997.  Cast  iron  is  converted  into  wrought  iron  by  a  curious  pro- 
cess, called  puddling.  The  cast  iron  is  put  into  a  reverberatory  fur-  Process  of 
nace,  and  when  in  fusion  is  stirred,  so  that  every  part  may  be  ex-  poddiiug;. 
posed  to  the  air  and  flame.    After  a  time  the  mass  heaves,  emits  a 

*  Sec  a  description  of  the  mine  at  Borrowdale,  in  Bost.  Jour.  Philo$.  ii.  332. 

f  On  the  fusion  of  plumbago  by  means  of  Hare's  deflagrator,  see  Amrr.  Jour,  ri. 
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iv.  blue  flame,  and  gradually  grows  tough  and  becomes  leas  fusible,  tod 
at  length  congeals.    Id  that  state  it  is  passed  successively  between 


rollers,  by  which  a  large  quantity  of  extraneous  matter  is  squeezed 
out,  and  the  bars  are  now  malleable.    They  are  cut  into  pieces, 
placed  in  parcels  io  a  very  hot  reverberatory  furnace,  and  again 
hammered  and  rolled  out  into  bars.    They  are  thus  rendered  more 
tough,  flexible  and  malleable,  but  much  less  fusible. 
Difference,     998.  The  difference  in  the  quality  of  the  two  kinds  of  cast  iroa, 
ln  la9iiiJ-  appears  owing  to  the  mode  of  combination,  rather  than  to  a  differ- 
ence in  the  proportion  of  carbon.    According  to  Karsten,  the  carbon 
of  the  white  is  combined  with  the  whole  mass  of  iron,  and  amounts 
as  a  maximum  to  5.25  per  cent. ;  the  gray,  on  the  contrary,  con- 
tains from  3.15  to  4.65  per  cent,  of  carbon,  of  which  about  three 
fourths  are  in  the  state  of  graphite. 
Structure      999-  A  bar  of  wrought  iron,  when  its  texture  is  examined  io  the 
of  wrought  mode  pointed  out  by  Daniel  I,  presents  a  fasciculated  appearauce,  the 
fibres  running  in  a  parallel  and  unbroken  course  throughout  its 
length.    This  structure  may  be  well  seen  by  tearing  a  bar  of 
wrought  iron  asunder. 

1000.  Steel  is  commonly  prepared  by  the  process  of  cementation, 
which  consists  in  filling  a  large  furnace  with  alternate  strata  of  ban 
of  the  purest  malleable  iron  and  powdered  charcoal,  closing  every 
aperture  so  as  perfectly  to  exclude  atmospheric  air,  and  keeping  the 
whole  during  several  days  at  a  red  heat.  By  this  treatment  the 
iron  gradually  combines  with  from  1.3  to  1.75  per  cent  of  carbon, 
its  texture  is  greatly  changed,  and  its  surface  is  blistered.  It  is  sub- 
sequently hammered  at  a  red  heat  into  small  bars  and  beateo,  it  is 
then  called  tilted  steel;  and  this  broken  up,  heated,  welded  and 
again  drawn  out  into  bars,  forms  shear  steel.  Mackintosh  of  Glas- 
gow, has  introduced  an  elegant  process  of  forming  steel  by  expofiof 
heated  iron  to  a  current  of  coal  gas;  when  carburetted  hydrogen 
is  decomposed,  its  carbon  enters  into  combination  with  iron,  and  hy- 
drogen gas  is  evolved. 

1001.  In  ductility  and  malleability  it  is  far  inferior  to  iron  ;  bo: 
exceeds  it  greatly  in  hardness,  sonorousness,  and  elasticity.  Its 
texture  is  also  more  compact,  and  it  is  susceptible  of  a  higher  polish. 
It  sustains  a  full  red  heat  without  fusing,  and  is,  therefore,  less  fusi- 
ble than  cast  iron  ;  but  it  is  much  more  so  than  malleable  iron.  By 
fusion  it  forms  cast  steel,  which  is  more  uniform  in  composition 
and  texture,  and  possesses  a  closer  grain  than  ordinary  sleel. 

1002.  When  steel  is  heated  to  a  cherry-red  colour,  and  then 
plunged  into  cold  water,  it  becomes  so  extremely  hard  and  brittle,  as 
to  be  unfit  for  almost  any  practical  purpose.  To  reduce  it  from  this 
extreme  hardness,  is  called  by  the  workmen  tempering,  and  is  ef- 
fected by  again  heating  the  steel  to  a  certain  point  The  surface 
being  a  little  brightened  exhibits,  when  heated,  various  colours 
which  constantly  change  as  the  temperature  is  increased,  and  by 
these  colours  it  has  been  customary  to  judge  of  the  temper  of  the 
ateel.* 


*  •  For  more  extended  accounts  of  iron  and  fleet,  see  Brmode'a  Chcm  u 
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1003.  Steel  admits  of  being  alloyed  with  several  other  metals,  and   **t.  v. 
the  alloys,  as  appears  from  a  recent  investigation  of  Stodart  and  Alloys. 
Faraday*  are  applicable  to  various  uses. 

Zinc. 

Symb.  Zn    Equiv.  38.3 

1004.  This  metal  is  obtained  from  carbonate  of  zinc  or  calatnine  Ore, 
and  from  the  native  sulphuret  or  blendeA    The  zinc  of  commerce  or 
spelter,  is  generally  impure,  containing  sulphur*,  lead,  arsenic,  cop- 
per, &c.    ft  may  be  freed  from  these  by  distillation  at  a  white  heat  Reduction 
in  an  earthem  retort,  to  which  a  receiver  full  of  water  is  adapted  ;  of. 

but  the  first  portions  should  be  rejected  as  liable  to  contain  arsenic 
and  cadmium. 

1005.  Zinc  is  a  bluish  white  metal,  its  specific  gravity  varies  from  Properties 
6.8  to  7.1,  it  is  malleable  at  300°,  but  very  brittle  when  its  tempera-  °f  **«*• 
lure  approaches  that  of  fusion,  which  is  about  773°.$    It  is  some- 
what ductile,  but  its  wire  possesses  little  tenacity. 

At-a  red  heat  it  takes  fire,  burns  with  a  bright  flame,  and  is  con- 
verted into  a  white  flocculent  substance,  formerly  called  pompholix, 
nihil  album,  and  flowers  of  zinc. 

It  is  also  oxidized  by  dilute  sulphuric  or  hydrochloric  acid,  and  Oxidized, 
the  hydrogen  evolved  contains  a  small  quantity  of  metallic  zinc  in 
combination.^ 

1006.  Protoxide  of  Zinc.  2n+0,Zn,  or  ZnO,  32.3  1  eq.  zinc  Protoxide. 
+8  1  eq.  oxy.  =  40.3  equiv.    This  is  the  only  oxide  of  zinc  which 

acts  as  a  salifiable  base,  and  the  only  one  of  known  composition. 
Itis  generated  during  the  solution  of  zinc  in  dilute  sulphuric  acid, 
and  may  be  obtained  iu  a  dry  state  by  collecting  the  flakes  which 
rise  during  the  combustion  of  zinc,  or  by  heating  the  carbonate  to 
redness.  At  common  temperatures  it  is  white  ;  but  when  heated  to 
low  redness,  it  assumes  a  yellow  colour,  which  gradually  disap- 
pears on  cooling.  It  is  quite  fixed  in  the  fire.  It  is  insoluble  in 
water. 

1007.  The  protoxide  is  precipitated  from  its  solutions  as  a  white 
hydrate  by  pure  potassa  or  ammonia,  and  as  carbonate  by  carbonate 
of  ammonia,  but  is  completely  redissolved  by  an  excess  of  the  pre- 
cipitant. The  fixed  alkaline  carbonates  precipitate  it  permanently 
as  white  carbonate  of  protoxide  of  zinc. 

When  metallic  zinc  is  exposed  for  some  time  to  air  and  moisture,  Action  of 
or  is  kept  under  water,  it  acquires  a  superficial  coating  of  a  gray  waler* 
matter,  which  Berzelius  describes  as  a  sub-otide.    It  is  probably  a 
mixture  of  metallic  zinc  and  the  protoxide. 

1008.  Chloride  of  Zinc.    Zn+CI.  or  ZnCl,  32.3  1  eq.  zinc  +  Chloride. 
3d 42  1  eq.  chlor.  =  67.72  equiv.    This  compound  is  formed,  with 
evolution  of  heat  and  light,  when  zinc  filings  are  introduced  into 
chlorine  gas ;  and  it  is  readily  prepared  by  dissolving  zinc  in  hy- 

*  Phil.  Trans.  1822,  and  Boston  Jour.  Phihs.  i.  130. 
t  For  the  process  see  Brande  ii.  48.      t  DaoieU. 

§  Zinc  may  be  obtained  in  small  fragments  for  introduction  into  a  retort  in  pre- 
paring hydrogen  gas,  by  dropping  it  in  fusion  into  cold  water.  A  preferable  method 
m  to  east  h  into  bars  of  about  quarter  of  an  inch  in  diameter  and  afterwards  break 
them  into  pieces  of  about  half  an  inch  in  length.  W. 
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Qbap.  IV-  drochloric  acid,  evaporating  to  dryness,  and  heating  the  residue  in 
a  tube  through  which  dry  hydrochloric  acid  gas  is  transmilted.  It 
is  colourless,  fusible  at  a  heat  a  little  above  212°,  has  a  soft  consis- 
tence at  common  temperatures,  hence  called  butter  of  zinc,  sublimes 
at  a  red  heat,  and  deliquesces  in  the  air. 
Sulphuret      1009.  Sulphuret  of  Zinc.    Zn+S,  or  ZnS,  32.3  1  eq.  zinc  -f 
or  blende.  16.1  1  eq.  sulph.  =  43.4  equiv.    This  compound  is  well  known  to 
mineralogists  under  the  name  of  zinc  blende,  and  occurs  in  dode- 
cahedral  crystals  or  some  allied  form.    Its  structure  is  lamellated, 
lustre  adamantine,  and  colour  variable,  being  sometimes  yellow,  red, 
brown,  or  black.    It  may  be  formed  artificially  by  igniting,  in  a 
closed  crucible,  a  mixture  of  oxide  of  zinc  and  sulphur,  or  sulphate 
of  oxide  of  zinc  and  charcoal,  or  by  drying  the  hydrated  sulphuret 
of  zinc.    Zinc  combines  also  with  Iodine,  Bromine  and  Fluorine. 
Uses  of        1010.  It  has  been  proposed  to  apply  zinc  to  the  purpose  of  culi- 
nary vessels,  pipes  for  conveying  water,  sheathing  for  ships,  kc. ; 
but  it  is  rendered  unfit  for  the  first  object,  by  the  facility  with  which 
the  weakest  acids  act  upon  it,  and  for  the  remaining  ones,  by  its  con- 
siderable though  slow  oxidation,  when  exposed  to  the  operation  of 
air  and  moisture.* 

Symb.  Cd   Equiv.  55.8 

1011.  This  metal  discovered  by  Stromeyer  in  1817,  is  contained 
in  certain  ores  of  zinc,  and  especially  in  the  black  fibrous  blende 
of  Bohemia.  It  has  been  detected  in  the  calamine  of  Derbyshire, 
and  in  the  zinc  of  commerce, t  and  in  the  sublimate  which  in  the 
process  for  obtaining  zinc,  rises  before  that  metal,  forming  what  the 
workmen  call  the  brown  blazc.%  It  was  called  cadmium  from 
nad/tew,  a  term  applied  both  to  calamine  and  to  the  volatile  matters 
which  rise  from  the  furnace  in  preparing  brass. 

1012.  A  very  elegant  process  for  separating  zinc  from  cadmium 
of,r"        was  proposed  by  Wollaston.    The  solution  of  the  mixed  metals  is 

put  into  a  platinum  capsule,  and  a  piece  of  metallic  zinc  is  placed 
in  it.  If  cadmium  is  present,  it  is  reduced,  and  adheres  so  tena- 
ciously to  the  capsule,  that  it  may  be  washed  with  water  without 
danger  of  being  lost.  It  may  then  be  dissolved  either  by  nitric  or 
dilute  hydrochloric  acid.$ 

1013.  Cadmium,  in  colour  and  lustre,  has  a  strong  resemblance  to 
tin,  but  is  somewhat  harder  and  more  tenacious.  It  is  very  ductile 
and  malleable.  Its  sp.  gr.  is  8.604  before  being  hammered,  and 
3.69 1  afterwards.  It  melts  at  about  the  same  temperature  as  tin, 
and  is  nearly  as  volatile  as  mercury.    When  heated  in  the  open 


Separation 


*  It  has  been  employed  in  the  U.  S.  as  a  cotering  for  the  roofs  of  buildings,  bot  is 
in  many  situations  quite  unfit  for  that  purpose.  See  a  paper  on  this  subject  by  Gale, 
in  Amer.  Jour.  vol.  xxxii.  315. 

t  Ann.  of  Philot.  if.  272,  and  N.  S.  iii.  123. 

:  Ann.  Pkilot.  iii.  435.  Some  portions  of  this  substance  yielded  from  12  to  20  per 
cent,  of  cadmium.   Ann.  of  Philot.  xir.  and  xvii. 

S  For  Stromeyer's  process  see  Turner,  p.  321. 
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lir,  it  absorbs  oxygen,  and  is  converted  into  an  oxide,  and  i«  readily    Sact.  v. 
oxidized  and  dissolved  by  nitric  acid,  which  is  its  proper  solvent.* 

Tin. 

Symb.  Sn   Equiv.  68.9 

1014.  The  properties  of  tin  must  be  examined  in  the  state  of  Tio. 
grain-tin  or  block  tin  ;  what  is  commonly  known  by  the  name  of 
tin,  being  nothing  more  than  iron  plates  with  a  thin  covering  of  this 
metal.    Severnl  varieties  of  tin  are  met  with  in  commerce.t 

1015.  This  metal  has  been  known  from  the  remotest  ages.  It 
was  in  common  use  in  the  time  of  Moses,  and  was  obtained  at  a 
very  early  period  from  Spain  and  Britain  by  the  Phcenicians.t 

'the  native  oxide,  found  in  Cornwall  and  some  other  counties,  is 
the  principal  ore  of  tin     the  metal  is  obtained  by  heating  it  to  red-  To  obtain 
ness  with  charcoal.    To  obtain  pure  tin  the  metal  should  be  boiled  Purttin- 
in  nitric  acid,  and  the  oxide  which  falls  down  reduced  by  heat  in 
coutact  with  charcoal  in  a  covered  crucible. II  U. 

1016.  Tin  has  a  silvery  while  colour,  is  considerably  harder  than 
lead,  scarcely  at  all  sonorous,  very  malleable,  .though  not  very  te- 
nacious. Under  the  hammer  it  is  extended  into  leaves,  called  tin- 
foil, which  are  about  of  an  inch  thick.f  Its  sp.  gr.  is  about 
7.291.  It  melts  at  442°,  and  by  exposure  to  heat  and  air  is  grad- 
ually converted  into  a  gray  protoxide. ##  Placed  upon  ignited  char* 
coal  under  a  current  of  oxygen  gas,  it  burns  very  brilliantly. 

*  Oxide  of  Cadmium.  Cd4-0,  Cd,  or  CdO,  65.8  I  eq.  cad.  +  8  I  eq.  oxy.  ss  63.8 
eaoiv.  The  only  known  oxide  of  cadmium,  is  prepared  by  igniting  its  carbonate,  has 
to  orange  colour,  is  fixed  in  the  fire,  and  is  insoluble  in  water. 

Suiphurct  of  Cadmium.  Cd4S,  or  CdS,  66.8  I  eq.  cad.  +  16.1  I  eq.  sutyh.  =71.9 
eqoiT.  It  occurs  in  mixture  or  combination  in  some  Kinds  of  xinc  blende.  Cadmiora 
eomMnee  with  Chlorine,  Iodine  and  Fluorine. 

t  For  the  discrimination  of  which  and  the  means  of  judging  of  its  purity,  Vauquelin 
has  giTen  useful  instructions  in  the  77th  toI.  of  the  .Ann.  de  Chim  and  an  interest- 
ing account  of  the  ores  ol  tin,  and  of  the  processes  for  extracting  the  metal  in 
Cornwall,  has  been  given  by  Taylor  in  the  6th  vol.  of  the  Tram.  Gcolog.  Soc. 


t  Pliny,  lib.  iv.  cap.  34,  and  xxxiv.  cap.  47. 

i  In  soroe  of  the  valleys  of  Cornwall,  tin  is  found  in  rounded  nodules,  of  various  , 
sizes,  mixed  with  pebbles  and  rounded  fragments  of  rocks.    To  separate  the  tin  from 
the  alluvial  matter,  currents  of  water  are  passed  over  it,  and  hence  these  deposits 
ha?e  rief  n  called  */ream  workt,  and  the  tin  ore,  stream  tin.    A  modification  of  stream 
called  teood  tin.    It  usually  appears  in  small  banded  fragments  of  globular 


II  The  process  is  described  at  length  in  Aikin's  Did.  Art.  Tin. 

H  The  process  of  making  tin-foil  consists  simply  in  hammering  out  a  number  of 
platea  of  the  metal,  laid  together  upon  a  smooth  block  or  plate  of  iron.  The  smallest 
sheets  are  the  thinnest. 

**  A  preparation  under  the  name  of  powdered  tin  is  sometimes  directed  to  be  pre- 
pared for  pharmaceutical  use,  by  shaking  the  melted  metal  in  a  wooden  box  rubbed 
with  chalk  on  the  inside :  tin  flings  have  also  a  place  in  some  Pharmacopceur,  and 
bat*  been  used  as  a  vermifuge  These  preparations  are,  however,  both  dangerous, 
the  metal  being  rendered  poisonous  in  the  former  case  by  a  slight  oxidation,*  and 
often  creating  very  dangerous  irritation  when  giving  in  filings. 

The  mniree  mdatliaue,  or  crystallized  tin  plate  as  it  is  called,  is  prepared  as  fol- 
lows The  sheet  or  plate  of  tinned  iron  is  heated  until  a  drop  of  water  allowed  to 
fall  upon  its  surface  begins  to  boil  immediately;  one  of  the  sides  is  then  washed  with 
a  mixture  of  4  parts  by  measure  of  water,  1  of  nitric  and  I  of  hydrochloric  acid.  Tbo 

•  Orflla,  7Vtat*  tut  />«**««,  T.  U  2ma  partis,  p.  18. 

34 


Digitized  by  Google 


266 
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Chap.  IV. 


Protoxide, 


Properties, 


Characters 
of  its  salts 


Purple  of 
Cassius. 


ide. 


Binoxide. 


1017.  Protoxide  of  Tin.  Sn+O,  Sn,  or  Sno,  58.9  1  eq.  tin, +  8 
1  eq.  oxy.  =  66.9  equiv.  When  protochloride  of  tin  in  solution  is 
mixed  with  an  alkaline  carbonate,  hydrated  protoxide  of  tin  falls, 
which  may  be  obtained  as  such  in  a  dry  form  by  washing  with 
warm  water,  and  drying  at  a  heat  not  above  196°,  with  the  least 
possible  exposure  to  the  air.  The  best  mode  of  obtaining  the  anhy- 
drous protoxide  is  by  heating  the  hydrate  to  redness  in  a  tube  from 
which  air  is  excluded  by  a  current  of  carbonic  acid  gas.  The  same 
oxide  is  formed  when  tin  is  kept  for  some  time  fused  in  an  open  ves- 
sel.   T.  323. 

1018.  Protoxide  of  tin  has  a  sp.  gr.  of  6.666.  At  common  tem- 
peratures it  is  permanent  in  the  air,  but  if  touched  by  a  red  hot 
body,  it  takes  fire  and  is  converted  into  the  binoxide.  It  is  dissolved 
by  the  sulphuric  and  hydrochloric  acids,  as  also  by  dilute  nitric 
acid  ;  and  the  pure  fixed  alkalies  likewise  dissolve  it.  From  the 
alkaline  solution,  metallic  tin  is  gradually  deposited,  and  binoxide  of 
tin  remains  in  solution. 

1019.  Its  salts  are  remarkably  prone  to  absorb  oxygen,  both  from 
the  air  and  from  compounds  which  yield  oxygen  readily.  Thus  it 
converts  sesquioxide  of  iron  into  protoxide,  and  throws  down  mer- 
cury, silver,  and  platinum  in  the  metallic  state  from  their  salts. 
With  a  solution  of  gold  it  causes  a  purple  precipitate,  the  purple  of 
Cassius,  which  appears  to  be  a  compound  of  binoxide  of  tin  and  pro- 
toxide of  gold.*  By  this  character  protoxide  of  tin  is  recognized 
with  certainty.  It  is  thrown  down  by  hydrosulphuric  acid  as  black 
protosulphuret  of  tin. 

1020.  Sesquioxide  of  Tin,  2Sn4-30,  Sn,  or  Sna03,  117.8  2  eq. 

tin  -f-  24  3  eq  oxy.  =  141.8  equiv.,  may  be  made  by  mixing  re- 
cently precipitated  and  moist  hydrated  sesquioxide  of  iron  with  a 
solution  of  protochloride  of  tin.  Its  solution  in  hydrochloric  acid 
strikes  the  purple  of  Cassius  with  gold. 

1021.  Binoxide  of  Tin,  Sn+20,  Sn,  or  SnO?,  58.9  1  eq.  tin  -f 
16  2  eq.  oxy.  =  74.9  equiv.,  is  most  conveniently  prepared  by  the 
action  of  nitric  acid  on  metallic  tin.  Nitric  acid,  in  its  most  concen- 
trated state,  does  not  act  easily  upon  tin  ;  but  when  a  small  quantity 
of  water  is  added,  violent  effervescence  takes  place  owing  to  the  evo- 
lution of  nitrous  acid  and  binoxide  of  nitrogen,  and  a  white  powder, 
the  hydrated  binoxide  is  produced.  On  edulcorating  this  substauce, 
and  heating  it  to  redness,  watery  vapour  is  expelled,  and  the  pure 
binoxide,  of  a  straw-yellow  colour,  remains.    In  this  process  ammo- 


surface  assumes  a  beautiful  crystalline  appearance,  and  by  heating  the  plate  at  par- 
ticular parts  with  the  blow-pipe,  or  exposing  different  parts  lo  higher  and  lower  tem- 
peratures, a  great  vuriety  of  figures  may  be  produced,  which  will  be  seen  on  washing 
the  plate  with  water.  The  various  colours  which  it  is  made  lo  assume  are  comma- 
nicaled  by  giving  it  a  coating  of  different  coloured  varnishes.  The  tin  plates  used 
for  this  purpose  should  have  a  good  coating  of  metallic  tin,  or  the  iron  below  will  be 
exposed. 

Porpu  or  Cu-  *  This  compound  is  used  to  colour  glass  of  a  purple  colour,  and  is  made  by  dissolv- 
ing  a  few  grains  of  tin  in  hydrochloric  acid,  diluting  the  solution  with  a  large  quan- 
tity of  distilled  water,  as  a  gallon  to  a  drachm  measure  of  the  solution,  and  dropping 
into  the  diluted  liquid  20  or  30  drops  of  the  solution  of  gold  in  nitro-hydrocnlonc 
acid  (637)  to  each  gallon.  In  the  space  of  three  or  four  days,  a  purple  precipitate  is 
obtained,  which  is  separated  by  filtration,  washed  and  dried.  Gray's  Operative  Chem. 

no. 
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nia  is  generated,  a  circumstance  which  proves  water  as  well  as  nitric   s«ct.  v. 
acid  to  be  decomposed.    Binoxide  of  tin  may  likewise  be  obtained 
by  precipitation  from  a  solution  of  bichloride  of  tin,  by  potassa,  am- 
monia, or  alkaline  carbonates. 

1022.  It  is  apt  to  separate  from  acids  spontaneously  as  a  gelati- 
nous hydrate.    It  acts  the  part  of  a  feeble  acid  and  forms  soluble 
compounds  with  the  alkalies  called  stannates.    When  melted  with  Stannatet. 
glass  it  forms  white  enamel. 

102a  Protochloride  of  Tin,  Sn+Cl,  or  SnCl,  58  9  1  eq.  tin  +  Protocblo- 
35  42  1  eq.  chlor.  =  9432  equiv.,  is  obtained  by  transmitting  hy- 
drochloric  acid  gas  over  tin  heated  in  a  glass  tube,  and  hydrogen 
gas  is  evolved  ;  or  by  distilling  a  mixture  of  granulated  tin,  with  an 
equal  weight  of  bichloride  of  mercury,  or  of  an  amalgam  of  tin  with 
calomel,  urging  the  heat  till  the  mercury  is  expelled.  A  gray  fusi- 
ble solid  of  a  resinous  lustre  is  obtained.  It  is  obtained  also  in  crys- 
tals from  a  concentrated  solution  of  the  chloride. 

1024.  A  solution  of  protochloride  of  tin  is  obtained  by  heating  solution, 
granulated  tin  in  strong  hydrochloric  acid  as  long  as  hydrogen  gas 
continues  to  be  evolved.    This  solution  is  much  employed  as  a  de- 
oxidizing agent. 

1025.  Bichloride  of  Tin.  Sn+2CI,  or  SnCl',  58.9  1  eq.  tin  +  Bichlonde, 
70.S4  2  eq.  chlor.  =  129.74  equiv.    When  protochloride  of  tin  is 

heated  in  chlorine  gas,  or  on  distilling  a  mixture  of  8  parts  of  granu- 
lated tin  with  24  of  bichloride  of  mercury,  a  very  volatile,  colourless 
liquid  passes  over,  which  is  bichloride  of  tin.  In  an  open  vessel  it 
emits  dense  white  fumes,  caused  by  the  moisture  of  the  air,  and 
hence  it  was  formerly  called  the  fuming  liquor  of  Libavius,  who 
discovered  it.  At  248°  it  boils,  and  the  sp.  gravity  of  its  vapour  was 
found  by  Dumas  to  be  9.1997.  With  one  third  of  its  weight  of  wa- 
ter it  forms  a  solid  hydrate,  and  in  a  larger  quantity  of  water  dis- 
solves. 

1026.  The  solution  commonly  called  per  muriate  of  tin,  is  much  Solution  or 
used  in  dyeing,  and  is  prepared  by  dissolving  tin  in  nitro-hydrochlo-  pennunate. 
ric  acid.    The  process  requires  care  ;  for  if  the  action  be  very  rapid, 

as  is  sure  to  happen  if  strong  acid  be  employed  and  much  tin  added 
at  once,  the  peroxide  will  be  spontaneously  deposited  as  a  bulky  hy- 
drate, and  be  subsequently  redissolved  with  great  difficulty.  But  the 
operation  will  rarely  fail  if  the  acid  is  made  with  two  measures  of 
hydrochloric  acid,  one  of  nitric  acid,  and  one  of  water,  and  if  the  tin 
is  gradually  dissolved,  one  portion  disappearing  before  another  is 
added.  The  most  certain  mode  of  preparation,  however,  is  to  pre- 
pare a  solution  of  the  protochloride,  and  convert  it  into  the  bichloride 
either  by  chlorine,  or  by  gentle  heat  and  nitric  acid. 

1027.  Protosulphuret  of  Tin,  Sn+S,  or  SnS,  58.9  1  eq.  tin  -f-  SulpWeU, 
16.1  1  eq.  sulph  =  75  equiv.,  is  prepared  by  pouring  melted  tin  up- 

oq  its  own  weight  of  sulphur,  and  stirring  rapidly  with  a  stick  during 
the  action  ;  as  some  tin  usually  escapes  the  sulphur  from  the  lalier 
being  rapidly  expelled,  the  product  should  be  pulverized,  mixed  with 
its  weight  of  sulphur,  and  projected  in  successive  portions  into  a  hot 
He«sian  crucible,  and  then  heated  to  redness.  It  is  n  bri'tle  com- 
pound, of  a  bluish  gray,  nearly  black  colour,  and  metallic  lustre, 
which  fuses  at  a  red  heat,  and  acquires  a  lamellated  texture  in 
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Ch»p.iv.  cooling.    It  is  dissolved  by  hydrochloric  acid  with  evolution  of  hy 
drosulphuric  ncid  * 

1028.  Bisidphuret  of  Tin,  Sn+2S,  or  SnS\  589  1  eq.  tin  + 
Aurammu-32.2  2  eq#  sulph.  =  91.1  equiv.,  (aurum  musivum,)  is  formed  by 
•1Tum»  heating  sulphur  with  peroxide  of  tin,  or,  by  healing  in  a  matrass  a 
powdered  amalgam  of  12  parts  of  tin  and  6  of  mercury,  mixed  with 7 
parts  of  flowers  of  sulphur  and6  of  hydrochlorate  of  aramonia.t  A  gen- 
tle heat  is  to  be  applied  till  the  white  fumes  cease  to  appear,  when 
the  heat  is  to  be  raised  to  redness,  and  kept  so  for  some  time.  On 
cooling,  the  aurwn  musivum  (or  Mosaic  Gold)  may  be  obtained 
by  breaking  the  matrass.  It  is  of  a  beautiful  gold  colour,  and  flaky 
in  its  structure. 

Properties,  1029.  It  has  no  taste,  is  not  soluble  in  water,  acids  or  alkaline  so- 
lutions. It  is  used  as  a  pigment  for  giving  a  golden  colour  to  small 
statue  or  plaster  figures.  It  is  likewise  said  to  be  mixed  with  mehed 
glass  to  imitate  lapis  lazuli. 

1030.  The  salts  of  tin  are  mostly  soluble  in  water  ;  thev  are  pre- 
cipitated of  an  orange  colour,  by  hydriodic  acid  and  by  hydrosulpbu* 
ret  of  ammonia,  provided  no  excess  of  acid  be  present. 

1031.  Tin  forms  useful  alloys  with  many  of  the  metals.  Pewter 
is  one  of  these  ;  and  the  best  kind  of  it  is  entirely  free  from  lead, 
being  composed  chiefly  of  tin  with  small  proportions  of  antimony, 

AUoT»-  copper,  and  bismuth.  An  amalgam  formed  by  gradually  adding 
three  parts  of  mercury  to  twelve  of  tin  melted  in  an  iron  ladle, 
and  stirring  the  mixture,  is  much  used  in  silvering  looking  glasses. 
With  potassium  and  sodium,  tin  forms  brittle  white  alloys.  Its  alloy 
with  manganese  is  not  known .  It  does  not  readily  combine  with 
iron,  but  tin-plate  may  be  considered  as  an  imperfect  alloy  of  those 
metals.    With  zinc  it  forms  a  hard  brittle  alloy.* 

Cobalt.*) 

Symb.  Co      Equiv.  29.5 

1032.  This  metal  occurs  combined  with  arsenic,  sulphur,  iron  and 
Cobalt,     nickel ;  and  according  to  Stromeyer  is  a  constant  ingredient  in 

meteoric  iron.    It  is  chiefly  obtained  in  Saxony. 

1033.  It  may  be  obtained  from  the  zaffre  of  commerce  which  is  an  impure  «• 
ide,  and  which,  heated  with  a  mixture  of  wind  and  potash,  affords  the  beautiful 
blue  glass  known,  in  powder,  as  smult.  Dissolve  zaffre  in  hydrochloric  acid  a»<> 
transmit  through  the  solution  a  current  of  hydroeulphuric  acid  *as  until  the  am- 
nious  acid  is  completely  separated  in  the  form  of  orpiment.  The  filtered  liquid 
is  then  boiled  with  a  little  nitric  acid,  in  order  to  convert  the  protoxide  into  sesqui- 
ozide  of  iron,  and  an  excess  of  carbonate  of  potassa  is  added.    The  precipitate! 

*Scsquuulp!turel  of  Tin,  2Sn+3S,  or  Sn'S3,  1 17.8  2  eq.  tin  -|-  48.3  3  eq.  snlpb.  ■ 
166.1  equiv.,  is  formed  by  mixing  the  protosulphoret  in  fine  powder  with  a  third  of  iu 
weight  of  sulphur,  and  beating  the  mixture  to  low  redness  until  sulphur  ceases  to  es- 
cape. Its  colour  is  of  a  deep  grayish-yellow;  it  is  reconverted  by  a  strong  hestisw 
the  protosulphuret,  and  dissolves  in  hydrochloric  acid  gas,  yielding  hydrosulpbonc 
acid"  gas  and  a  residue  of  bisulphuret  of  tin. 

t  Or  heat  two  parts  of  binoxide  of  tin,  two  of  sulphur,  and  one  of  sal  ammoniac  tax 
low  red  heat  as  long  as  sulphurous  acid  rises. 

t  On  the  alloys  of  tin,  a  memoir  of  Dussaussov  may  be  consulted  in  the  6th  vol.  •! 
Ann.  de  Chim.  et  Phyt. ;  and  Chaudet's  paper  in  the  same,  and  in  the  7th  volume. 

I  Its  name  is  derived  from  the  term  Kobold,  an  evil  spirit,  applied  to  it  bt  the  Ger- 
man miners  at  a  time  when  they  were  ignorant  of  its  value,  and  considered  it  note 
rourabla  to  the  presence  of  valuable  me  la  Is. 
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constating  of  sesqui oxide  of  iron  and  carbonate  of  protoxide  of  cobalt,  after  being    Sect.  V. 
well  washed  with  water,  is  digested  in  a  solution  of  oxalic  acid,  which  dissolves  " 
the  oxide  of  iron  and  leaves  the  oxide  of  cobalt  in  the  form  of  an  insoluble  nxa- 
la'e.*  On  heating  this  oxalate  in  a  retort  from  which  atmospheric  air  is  excluded, 
a  large  quantity  of  carbonic  acid  is  evolved,  and  a  black  powder,  metallic  cobalt, 
is  lefU 

The  pure  metal  is  easily  procured  also  by  passing  a  current  of  dry 
hydrogen  gas  over  oxide  of  cobalt  heated  to  redness  in  a  tube  of  por- 
celain. In  this  state  it  is  porous,  and  if  formed  at  a  low  tempera- 
ture it  inflames  spontaneously. 

1034.  Cobalt  is  a  brittle  metal,  of  a  reddish-gray  colour,  and  weak  Propertiaa. 
metallic   lustre.     Its  density,   according  to  Turner,   is  7.834. 

It  fuses  at  a  heat  rather  lower  than  iron,  and  when  slowly  cooled  it 
crystallizes.  It  has  usually  been  considered  to  be  attracted  by  the 
magnet,  but  the  pure  metal  is  not  so.t 

1035.  By  exposure  to  the  atmosphere  cobalt  is  tarnished,  but  not 
oxidized  to  any  extent.  In  an  intense  heat  it  burns  with  a  red  flame ; 
but,  if  pure,  it  is  not  easily  oxidized  by  a  moderate  temperature.  It 
is  oxidized  by  nitric  acid,  and  decomposes  water  at  a  red  heat. 

1036.  Protoxide  of  Cobalt.    Co+O,  Co,  or  CoO,  29.5  1  eq.  cob.  Protoxide, 
+  8  1  eq.  oxy.  =  37.5  equiv.    This  oxide  is  of  an  ash-gray 
colour,  and  is  the  basis  of  the  salts  of  cobalt,  most  of  which  are  of  a 

pink  hue.  When  heated  to  redness  in  open  vessels  it  absorbs  oxygen, 
and  is  converted  into  the  sesquioxide.  It  may  be  prepared  by  de- 
composing carbonate  of  the  protoxide  by  heat  in  a  vessel  from  which 
atmospheric  air  is  excluded.  It  is  recognised  by  giving  a  blue  tint 
to  borax  when  melted  with  it ;  and  is  employed  in  the  arts  in  the 
form  of  smalt,  for  communicating  a  similar  colour  to  glass,  earthen- 
ware, and  porcelain. 

1037.  Protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  Precipita- 
potnssa  as  a  blue  hydrate.    Pure  ammonia  likewise  causes  a  blue  teJ" 
precipitate,  which  is  redissolved  by  the  alkali  if  in  excess.    It  is 
thrown  down  as  a  pale  pink  carbonate  by  carbonate  of  polassa,  soda, 

or  ammonia;  but  an  excess  of  the  last  redissolves  it  with  facility. 
Hydrosulphuric  acid  produces  no  change,  unless  the  solution  is  quite 
neutral,  or  the  oxide  is  combined  with  a  weuk  acid.  Alkaline  hy- 
drosulphates  precipitate  it  as  a  black  protosulphurct.y 

1038.  Chloride  of  Cobalt.  Co+Cl,  or  CoCl,  29  5  1  eq.  cob.  +  Chloride. 
35.42  1  eq.  chlor.  =  64.92.  equiv.  It  is  obtained  in  solution  on  dis- 
solving metallic  cobalt,  its  protoxide,  or  either  of  the  other  oxides  in 
hydrochloric  acid,  with  evolution  of  hydrogen  gas  with  the  first  and 
of  chlorine  with  the  latter.  It  yields  a  pink-coloured  solution,  and 
by  evaporation  small  crystals  of  the  same  colour  containing  water  of 
crystallization.  When  deprived  of  water  its  colour  is  blue,  a  cha- 
racter on  which  is  founded  its  use  as  a  sympathetic  ink  :  when  let- 
ters are  written  with  a  dilute  solution  of  the  chloride,  the  colour  is  so 
pale  that  it  is  invisible  in  the  cold  ;  but  on  heating  gently,  the  letters 


*  Laugier.  t  Thomson  in  Anti'  of  Pkilos.,  N.  S.  i.  t  Faraday. 

i  When  a  salt  of  cobalt  i»  treated  with  pure  ammonia  in  close  vessels,  part  of  the  co- 
balt is  dissolved,  and  part  subsides  in  form  of  a  blue  powder.  On  admitting  atmos- 
pheric air,  this  suh«tance  passes  to  a  higher  state  of  oxidation,  and  is  gradually 
dissolved.  If  nitrate  of  cobalt  is  used,  a  double  salt  maybe  obtained  in  crystals, 
which  L-  Gmelin  believes  to  consist  of  nitrate  and  cobaltale  of  ammonia.  The  exist- 
«uc«  of  this  acid,  however,  baa  not  yet  been  established. 
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Alloys. 


Chap. iv.  appear  of  a  blue  colour,  and  disappear  as  soon  as  the  chloride  has 
"  recovered  its  moisture  from  the  atmosphere.    When  iron  or  nickel  is 
present,  the  dry  chloride  of  cobalt  is  green  instead  of  blue.* 

1039.  The  alloys  of  cobalt  are  unimportant.  The  chief  use  of 
this  metal  is  in  the  state  of  oxide  as  a  colouring  material  for  porce- 
lain, earthenware,  and  glass ;  it  is  principally  imported  from  Ger- 
many in  the  state  of  zaffre  and  smalt,  or  azure.  Smalt  and  azure 
are  made  by  fusing  zaffre  with  glass  or  by  calcining  a  mixture  ol 
equal  parts  of  roasted  cobalt  ore,  common  potash,  and  ground  fliou. 
A  blue  glass  is  formed  which,  while  hot,  is  dropped  into  water,  and 
afterwards  reduced  to  a  very  fine  powder. 


Ores, 


Reduced. 


Properties. 


Nickel. 
Symb.  Ni      Etjuic.  29.5 

1040.  Nickel  is  found  native,  and  is  a  constituent  of  meteoric  iron.t 
It  occurs  likewise  in  the  copper-coloured  mineral  of  Westphalia, 
termed  copper-nickel,  a  native  arseniuret  of  nickel,  which  in  addition 
to  its  chief  constituents,  contains  sulphur,  iron,  cobalt  and  copper. 
The  combinations  of  nickel  may  be  prepared  from  its  ore,  or  from  the 
artificial  arseniuret  called  speiss.t 

The  metal  may  be  procured  by  heating  the  oxalate  in  close  ves- 
sels, or  by  the  combined  action  of  heat  and  charcoal,  or  hydrogen, 
on  protoxide  of  nickel.^ 

1041.  Crystals  of  nitrate  of  nickel,  when  placed  in  a  cavity  scoop- 
ed out  of  a  piece  of  charcoal,  and  exposed  to  the  oxy-hydrogen 
blow-pipe,  afford  a  bead  of  metallic  nickel.  This,  however,  is  a 
process  obviously  adapted  to  yield  only  very  minute  quantities  of 
nickel. 

1042.  Nickel  is  of  a  white  colour  between  that  of  tin  and  silver, 
with  a  strong  lustre,  and  is  ductile  and  malleable.    It  is  attracted  by 

*  This  solution  has  been  termed  HeUot't  $ympoJh«tie  ink.  It  may  t»e  prepared  ts 
follows  :  One  part  of  cobalt,  or,  still  better,  of  zaffre,  may  be  digested  in  a  sand  heat, 
for  some  hour*,  with  four  parts  of  nitric  acid.  To  the  solution,  add  one  part  of  ie»- 
salt;  and  dilute  with  four  parts  of  water.  Characters  written  with  this  solution  an 
illegible  when  cold  ;  but  when  a  gentle  heat  is  applied,  they  assume  a  beautiful  blue 
or  urcen  colour.  This  experiment  is  rendered  more  amusing  by  drawing  the  trust 
and  branches  of  a  tree  in  the  ordinary  manner;  and  tracing  the  leaves  with  the  sta- 
tion. The  tree  appears  leaHess,  till  the  paper  is  heated,  when  it  suddenly  become* 
covered  with  beaulilul  foliage.  The  addition  of  a  little  nitrate  of  copper  to 
the  solution  forms  a  sympathetic  ink,  which  by  heat  gives  a  rich  greenish  yellow  co- 
lour. When  a  small  quantity  of  hydrochlorste  of  soda,  of  magnesia,  or  of  lime,  is 
added  to  the  ink,  its  traces  disappear  very  speedily  oa  removal  from  the  fire.   U.  346. 

t  For  an  account  of  meteoric  stones,  masses  of  iron,  &c.  which  have  fallen  from  tlx 
heavens,  from  the  earliest  period  down  to  1819,  see  Edin.  P kilos  Jour.  vol.  i.  p.  221. 
See  also  Cleaveland's  Mineralogy,  p.  773,  and  Brando's  Chcm.  ii.  149. 

t  For  details  see  Thomson's  Chemistry  of  Inorganic  Bodies,  ii  526,  Slc,  and  Tur- 
ner, 329. 

%  For  other  processes  see  Thomson,  ii.,  Henry,  ii.  169,  Quart.  Jour.  xliv.  396,  tai. 
N.  S.  iii.  209. 

To  detect  the  presence  of  nickel  in  iron,  Wollaston  recommends  that  a  small  por- 
cJTo"  d#-  tKMj  which  need  not  exceed  .01  of  a  grain,  should  be  filed  from  the  sample,  anddi*- 
ueuiif  oi«k«i.  solved  in  a  drop  of  nitric  acid  ;  evaporate  this  to  dryness,  and  add  a  drop  or  two  of 
liquid  ammonia,  whicn,  when  genllv  warmed,  will  dissolve  any  oxide  of  nickel  that 
may  be  present.  The  transparent  part  of  the  fluid  is  then  to  be  conducted  by  theend 
of  a  glas*  rod  to  a  small  distance  from  the  precipitated  oxide  of  iron,  and  mixed  with 
a  drop  of  ferrocyaimte  of  poiassa,  which,  if  nickel  be  present,  will  cause  an  immedi- 
ate milkiness,  not  discernible  in  a  solution  of  common  iron,  formed  and  treated  in  th« 
same  way.    B.  ii.  148. 
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the  magnet,  and  may  like  iron  be  rendered  magnetic,  but  loses  this   Sect,  vj. 
power  at  630°. •    Its  sp.  gr.  is  about  8.279.    It  is  very  infusible,  Fusibility, 
suffers  no  change  by  exposure,  but  at  a  red  heat  absorbs  oxygen,  and 
decomposes  water.    It  is  oxidized  by  nitric  acid.    Its  eq.  is  esti- 
mated at  29.5. 

1043.  Protoxide  of  Nickel.  Ni+O,  Ni,  or  NiO,  29.5  1  eq.  nick, 
-f  8  1  eq.  oxy.  =  37.5  equiv.  This  oxide  may  be  formed  by 
heating  the  carbonate,  oxalate,  or  nitrate  to  redness  in  an  open  ves- 
sel, and  is  then  of  an  ash-gray  colour;  but  after  exposure  to  a  white 
heat,  its  colour  is  a  dull  olive-green.  It  is  not  reducible  by  heat 
unaided  by  combustibles.  It  is  not  attracted  by  the  magnet.  It  is  a 
strong  alkaline  base,  and  nearly  all  its  salts  have  a  green  tint.  It  is 
precipitated  as  a  hydrate  of  a  pale-green  colour  by  the  pure  alkalies, 
hut  is  redissolved  by  ammonia  in  excess  ;  as  a  pale-green  carbonate 
hy  alkaline  carbonates,  but  is  dissolved  by  an  excess  of  carbonate  of 
ammonia;  and  as  a  black  sulphuret  by  alkaline  hydrosulphates. 
Hydrosulphuric  acid  occasions  no  precipitate,  unless  the  solution  is 
quite  neutral,  or  the  oxide  combined  with  a  weak  acid.t 


Section  VI.  Metals  which  do  not  Decompose  Water  at  any  Tem- 
perature, and  the  Oxides  of  which  are  not  reduced  to  the  Metallic 
State  by  the  sole  action  of  Heat. 

1044.  Arsenic.  As,  37.7  cq.  Metallic  arsenic  occurs  native,  but 
more  commonly  in  combination  with  other  metals.  The  substance 
known  in  the  shops  by  the  name  arsenic,  is  an  oxide,  from  which  the 
metal  may  be  obtained  by  mixing  it  with  half  its  weight  of  black 
fclXjt  and  introducing  the  mixture  into  a  Florence  flask,  placed  in 
a  sand  bath  gradually  raised  to  a  red  heat;  a  brilliant  metallic 
sublimate  of  pure  arsenic  collects  in  the  upper  part  of  the  flask. 

Or  mix  it  with  about  twice  its  weight  of  charcoal,  both  perfectly  dry,  and  ex-  obtained 
JKwe  the  mixture  to  heat  in  a  crucible,  luting  another  over  it  in  an  inverted  posi- 
tion lo  collect  the  product. § 

♦Faraday. 

iScsqvioxidc  qf  Nickel,  2Ni+30,  Ni,  or  N^O3,  59  2  eq.  nick.  4  24  3  eq.  oxy. 


W  tquiv  ,  has  a  black  colour,  and  is  formed  by  transmitting  chlorine  gas  through  wa- 
Krtn  which  the  hydrate  of  the  protoxide  is  suspended,  does  not  unite  with  acids,  is 
decomposed  by  a  red  heat,  and  with  hot  hydrochloric  acid  lorms  the  chloride  withdis- 
wgaeement  of  chlorine  gas. 

Chloride  of  Nickel.  Ni+Cl,  or  NiCI,  29,5  1  eq.  nick  -f  35.42  I  eq.  chlor.  =  64.92 
«qoir.,  is  formed  by  acting  with  hydrochloric  acid  on  metallic  nickel,  its  protoxide,  or 
Jwquioxide ;  hydrogen  gas  being  evolved  with  ihe  former,  and  chlorine  with  the  latter, 
h  forms  «n  emerald -green  solution,  and  by  evaporation  yields  crystals  of  the  same 
tint,  which  lose  water  or  deliquesce,  according  as  the  air  is  dry  or  moist. 

Protorulphuret  of  Nickel,  IMi+S,  or  NiS,  29.5  I  eq  nick.  -+-  J6.1  1  eq.  sulph.  = 
«.6  equiv..  is  formed  by  processes  similar  to  those  for  preparing  protosulphuret  of 
roUh.  The  precipitated  sulpburet  is  dark  brown  or  nearly  black. 

•  This  is  an  extremely  useful  compound  for  effecting  the  redaction  of  many  of  the 
metallic  oxides.  It  consists  of  charcoal  and  subcarbonate  of  potasso,  and  is  best  pre- 
wired by  deflagrating  in  a  crucible  a  mixture  of  one  part  of  nitre  and  two  of  powdered 
fortar.  The  mixture  remains  in  fusion  at  a  red  beat,  and  thus  suffers  the  small  glo- 
hies  of  reduced  metal  to  coalesce  into  a  button. 

*  A  imall  opening  should  be  left  for  the  escape  of  gaseous  matters.  The  lower  cru- 
cible should  be  placed  in  a  sand  bath  furnace,  and  the  upper  one  be  kept  ns  cool  as 
Possible  and  completely  out  of  the  sand  ;  the  process  may  be  easily  conducted  with  a 
«majl  chauffer.   Care  must  be  taken  not  to  inhale  the  vapour. 
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ChAp  1V'  1045.  Arsenic  is  of  a  steel-blue  colour,  quite  brittle,  and  of  a  spe* 
Characters.  cjfic  grraviiy  =  5.884.  It  readily  fuses,  and  in  close  vessels  maybe 
distilled  at  a  temperature  of  360°,  which  is  lower  than  its  fusing 
point.  Its  vapour  has  a  very  strong  smell,  resembling  that  of  garlic. 
Heated  in  the  air  it  easily  takes  fire,  burns  with  a  blue  flame,  and 
produces  copious  white  fumes  of  oxide. 

In  general  it  speedily  tarnishes  by  exposure  to  air  and  moisture, 
/         acquiring  upon  its  surface  a  dark  film,  which  is  extremely  superficial; 
but  Berzelius  remarks  that  he  has  kept  some  specimens  in  open  ves- 
sels for  years  without  loss  of  lustre,  while  others  are  oxidized  through 
their  whole  substance,  and  fall  into  powder.    The  product  of  this 
Fl       -    spontaneous  oxidation,  which  is  known  under  the  name  of  Jly-powdtr, 
der.         is  supposed  by  Berzelius  to  be  an  oxide ;  but  it  is  more  generally  re- 
garded as  a  mixture  of  white  oxide  and  metallic  arsenic. 


1046.  Arsenious  Acid,  2As+30,  As,  or  As5Os,  75.4  2  eq  arsen, 

mc,d»        -f  24  3  eq.  oxy.  =  99.4  equiv.,  or,  as  it  is  commonly  called,  whitt 
arsenic,  or  tohite  oxide  of  arsenic,  is  the  best  known,  and  most  com- 
monly occurring  compound  of  this  metal ;  and  as  cases  of  poison- 
ing by  it  are  frequent,  every  person  should  be  well  acquainted  with 
its  characteristic  properties. 
Howob-       1047.  Arsenious  acid  may  easily  be  procured  by  the  combustion 
tained,      of  the  metal ;  but  as  it  is  formed  during  certain  metallurgic  proces- 
ses, that  mode  is  rarely  resorted  to.    It  is  abundantly  prepared  in 
Bohemia,  from  arsenical  cobalt  ores,  which  are  roasted  in  reverbera- 
tory  furnaces,  and  the  vapours  condensed  in  a  long  chimney,  the 
contents  of  which,  submitted  to  a  second  sublimation,  afford  the 
white  arsenic  of  commerce. 
Properties      1048.  Arsenious  acid  is  white,  semi-transparent,  brittle,  and  of  a 
vitreous  fracture.    Its  sp.  gr.  is  3.7.    Its  taste  has  been  usually  de- 
scribed as  acrid,  but  it  appears  that  this  is  incorrect.    It  excites  a 
very  faint  impression  of  sweetness  and  perhaps  of  acidity* 
Dimor-         1049.  Arsenious  acid  is  dimorphous,  that  is,  susceptible  of  assum- 
ption,     ing  two  crystalline  forms  belonging  to  different  systems  of  crystalli- 
zation.   By  slow  sublimation  in  a  glass  tube,  it  is  always  obtained 
in  distinct  octohedral  crystals  of  adamantine  lustre  and  perfectly 
transparent.    Its  unusual  form  is  that  of  six-sided  scales  derived 
from  a  rhombic  prism. 
Solubility.      1050.  According  to  Klaproth  and  Buchholz,  1000  parts  of  water 
at  60°  dissolve  2.5  of  white  arsenic.t  1000  parts  of  water  at  212°, 
dissolve  rather  more  than  77  parts,  and  about  30  parts  are  retained 
in  permanent  solution. 
Poisonous      Guibourt  has  lately  observed  that  the  transparent  and  opaque  va- 
effects.      rieties  of  arsenic  differ  in  solubility.    He  found  that  1000  parts  of 
temperate  water  dissolve,  during  36  hours,  9.6  of  the  transparent, 
and  12  5  of  the  opaque  variety  :  that  the  same  quantity  of  boiling 
water  dissolves  97  parts  of  the  transparent  variety,  retaining  19 

*  See  Cristison's  experiments.    Edin.  PhUoa  Jour*,  xiv.  3S0. 

i  It  would  take  a  loner  time  to  prepare  a  saturated  aqueous  solution  of  white  arsenic, 
by  contact  of  the  powder  with  water,  or  even  by  agitation  ;  hut  by  boiling  'be  water 
with  the  powder  for  half  an  hour,  leaving  it  to  cool,  and  afterwards  filtering  it,  a  sat- 
urated solution  will  be  at  once  obtained.    Faraday,  Chem.  Manip.  174. 
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when  cold,  but  takes  up  115  of  the  opaque  variety,  and  retains  29  Ssct.  vi. 

on  cooling.    By  the  presence  of  organic  substnnces,  such  as  milk  or 
tea,  its  solubility  is  materially  impaired.* 

1051.  It  is  virulently  poisonous,  producing  inflammation  and  gan-  p0jBOOOM 
grene  of  the  stomach  and  intestines;  it  also  proves  fatal  when  ap- effects, 
plied  to  a  wound  ;  and  as  the  local  injury  is  in  neither  case  sufficient 

to  cause  death,  it  is  probable  that  an  induced  affection  of  the  nervous 
system  and  of  the  heart  is  the  cause  of  the  mischief.  To  get  rid 
of  the  poison  by  producing  copious  vomiting  and  purging,  and  to 
pursue  the  usual  means  of  subduing  and  preventing  inflammation, 
are  the  principal  points  of  treatment  to  be  adopted  in  cases  where 
this  poison  has  been  taken. t 

1052.  As  arsenic  either  accidentally  or  intentionally  taken,  is  a  Methods  of 
very  frequent  cause  of  death,  and  often  the  subject  of  judicial  in-de,ecunf 
qairy,  it  becomes  of  importance  to  point  out  the  most  effectual  modes  ars*mc» 

of  discovering  its  presence.  Where  arsenic  proves  fatal,  it  is  very 
seldom  found  in  the  contents  of  the  stomach  after  death,  but  is  gen- 
erally previously  voided  by  vomiting  or  by  stool  ;  and  we  often  can 
detect  it  in  the  matter  thrown  off  the  stomach,  in  the  form  of  a 
white  powder,  subsiding  in  water.  The  inflammation  of  stomach 
which  results  is  generally  a  secondary  effect,  and  takes  place  equal- 
ly, whether  the  poison  be  swallowed  or  applied  to  a  wound. 

1053.  Several  tests  have  been  proposed  for  detecting  minute  Testa  of. 
quantities  of  arsenic  in  the  fluids  likely  to  be  met  with  in  the  stom- 
ach, the  most  valuable  are  the  ammoniaco-nitrate  of  silver,  ammo- 
niaco-sulphate  of  copper,  hydrosulphuric  acid  and  hydrogen  gas. 

1054.  The  first  object  is  to  obtain  a  concentrated  solution  of  the  Methods  of 
substances  ejected,  or,  in  case  of  death,  of  the  liquids  contained  in 
the  stomach,  or  of  any  that  may  adhere  to  its  interior  surface.  This 
is  to  be  effected  by  means  of  washing  in  pure  water,  filtration,  and 
evaporation.  A  solution  having  been  obtained,  the  tests  are  to  be 
applied,  it  having  been  previously  ascertained  that  they  are  perfectly 
pure,  as  also  the  vessels  in  which  the  experiments  are  to  be  made. 

1.  The  ammoniacal-nitrate  of  silver  is  made  by  dropping  into  a  Ami 
rather  strong  solution  of  lunar  caustic,  ammonia,  till  the  oxide  of0*1  mt' 
silver  at  firsf  thrown  down  is  nearly  all  dissolved.  This  liquid  contains  0 

the  precise  quantity  of  ammonia  required  to  neutralize  the  nitric  acid 
of  the  nitrate  of  silver.  On  dropping  it  into  the  suspected  liquid,  if 
arsenic  is  present,  a  yellow  insoluble  arsenite  of  silver  will  be  formed. 

2.  Ammoniacal-sulphate  of  copper,  is  made  by  adding  ammonia  Ammonia, 
to  a  solution  of  sulphate  of  protoxide  of  copper,  until  the  precipitate  J1™^*16 
is  nearly  all  dissolved.    This  test  affords  a  green  precipitate  with  ar- 
senious  acid,  which  has  long  been  known  as  Scheeh's  green. 

3.  The  hydrosulphuric  acid  gas,  is  to  be  obtained  from  the  usual  Hhyd'°,,llij 
materials  (754)  and  conducted  by  means  of  a  suitable  glass  tube  intop  uncac  * 
the  suspected  liquid  ;  if  arsenious  acid  is  present,  the  liquid  be- 
comes yellow  and  turbid  from  the  formation  of  orpiment  or  sesqui- 
sulphuret  of  arsenic. t 

On  drying  the  sulphuret,  mixing  it  with  black  flux,  and  heating 
■   — — — — — — ^_ • 

*  Chrimison  on  Poisons. 

♦  >*e  ChristUon's  Experiment*,  Edin.  Philot.  Jour.  xiv.  3S0. 
t  Th*  apparatus  (Fig.  1«6),  page  200,  will  be  found 

35 
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chap,  iv.  the  mixture  contained  in  a  glass  tube  to  redness  by  means  of  a  spirit- 
Reduction,  lamp,  decomposition  ensues,  and  a  metallic  crust  of  an  iron-gray 
colour  externally,  and  crystalline  on  its  inner  surface,  is  deposited 
on  the  cool  part  of  the  tube.  This  character  alone  is  quite  satisfac- 
tory ;  but  it  is  easy  to  procure  additional  evidence,  by  reconverting 
the  metal  into  arsenious  acid,  so  as  to  obtain  it  in  the  form  of  re- 
splendent octohedral  crystals.  This  is  done  by  holding  that  part  of 
the  tube  to  which  the  arsenic  adheres  about  three-fourths  of  an  inch 
above  a  very  small  spirit-lamp  flame,  so  that  the  metal  may  be 
slowly  sublimed.  As  it  rises  in  vapour  it  combines  with  oxygen, 
and  is  deposited  in  crystals  within  the  tube.  The  character  of  these 
crystals,  with  respect  to  volatility,  lustre,  transparency,  and  form,  is 
so  exceedingly  well  marked,  that  a  practised  eye  may  safely  identify 
them,  though  their  weight  should  not  exceed  the  100th  part  of  a 
grain.  This  experiment  does  not  succeed  unless  the  tube  be  quite 
clean  and  dry.* 

Marsh's  4.  For  the  application  of  hydrogen  we  are  indebted  to  Marsh  of 
mocess  by  Woolwich.t  Its  utility  depends  on  the  fact  that,  whenever  nascent 
rogen  hydrogen  is  brought  into  contact  with  any  compound  of  oxygen  and 
arsenic,  water  and  arseniuretted  hydrogen  are  formed.  If  the  gas 
be  inflamed  as  it  escapes  into  the  air  from  a  fine  tube,  it  burns 
with  the  production  of  watery  vapour,  and  the  deposition  of  me- 
tallic arsenic.  By  holding  a  piece  of  clean  glass  over  the  flame, 
its  surface  is  instantly  covered  with  a  thin  coaling  of  metallic  arse- 
nic ;  and  if  the  flame  be  made  to  burn  in  the  centre  of  a  glass  tube 
open  at  both  extremities,  so  as  to  admit  a  larger  supply  of  atmos- 
pheric oxygen,  it  is  covered  in  half  a  minute  with  arsenious  acid. 


Liebig's 
un  prove - 
ment. 


The  hydrogen  is  obtained  by  introducing  a 
portion  of  the  suspected  liquid  into  a  tube  about 
thirteen  inches  in  length  and  three  foorlhs  of 
an  inch  internal  diameter,  or  the  glass  bucket  c, 
in  which  is  a  small  piece  of  pure  zinc  b,  sulphuric 
acid  is  added  and  the  gas  passes  out  through 
the  jet  o,  while  the  stop-cock  is  open.  When 
it  is  closed  the  gas  accumulates  in  the  upper 
part  of  the  short  leg;  on  opening  the  stop- 
cock, the  liquor  descends  from  the  longer  leg 
and  drives  out  the  gas. 

When  large  quantities  of  the  suspected  liquid 
be  obtained,  the  apparatus  (Fig.  180)  is  employed  ; 
see  379. 

Liebig  recommends  that  a  fragment  of  porce- 
lain be  held  in  the  flame  instead  of  the  glass,  as 
a  very  thin  film  of  metallic  arsenic  is  better 
seen  on  the  white  opaque  ground  of  the  former. 
To  avoid  the  deposition  of  other  metals,  that 
may  be  carried  up  by  the  hydrogen,  he  recom- 
mends that  the  gas  be  transmitted  through  a 
fine  tube  of  difficultly  fusible  glass,  instead  of 


Fig.  179. 


"  A  tab*  of  the  annexed  form  (Pig.  181,)  has  been  recommended  by  Berzelint. 
it  should  be  pencctly  dry,  and  the  mixture  introduced  by  means  of  a  small 
funnel  descending  within  the  bail,  through  which  the  mixture  may  be 
without  soilinB  the  tube. 

t  Bdin.  Phibt.  Jour.  Oct.  1836,  and  Tram-  Soc.  ArU,  Li. 
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burning  it  at  the  jet ;  on  bringing  a  part  of  the  glass  to  a  red  heat  s«ct.  vt. 
by  a  spirit-lamp,  the  arseniuretted  hydrogen  is  decomposed  as  it 
passes,  and  the  metallic  arsenic  is  deposited  just  beyond  the  heated 
part  of  the  glass,  while  other  metals  are  deposited  in  the  hot  parts 
themselves.* 

1055.  The  extreme  delicacy  of  this  method  of  testing  for  arsenic 
has  been  fully  confirmed,  but  it  also  has  been  ascertained  that  it  is 
not  the  only  one  to  be  relied  upon.  Other  metals  may  be  present, 
as  antimony,  which  has  been  found  to  form  a  gaseous  compound, 
and  to  give  results  that  resemble  those  with  arsenic.  By  decom- 
posing the  gases  while  passing  through  a  fine  tube,  as  proposed  by 
Liebig,  and  obtaining  the  metals,  they  can  readily  be  distinguished.t 

1056.  Arsenic  Acid.    2AS-f-50,  As,  or  As'O5,  75.4  2  eq.  arsen.  Arsenia 

+  40  5  eq.  oxy.  as  115.4  equiv.  This  compound  is  made  by  dis- 
solving arsenious  acid  in  concentrated  nitric,  mixed  with  a  little  hy- 
drochloric acid,  distilling  in  glass  till  it  acquires  the  consistence  of 
syrup,  and  then  exposing  it  in  a  platinum  crucible  for  some  time  to 
a  beat  somewhat  short  of  low  redness  to  expel  the  nitric  acid.  The 
acid  thus  prepared  has  a  sour  metallic  taste,  reddens  vegetable  blue 
colours,  and  with  alkalies  forms  neutral  salts,  which  are  termed 
arseniates.  It  is  much  more  soluble  in  water  than  arsenious  acid. 
It  is  an  active  poison. 

1057.  Arsenic  acid  is  decomposed  by  hydrosulphuric  acid  gas, 
and  yields  a  sulphuret  of  arsenic  very  like  orpiment  in  colour,  but 
containing  a  greater  proportional  quantity  of  sulphur.  The  soluble 
arseniates,  when  mixed  with  the  nitrates  of  lead  and  silver,  form 
insoluble  arseniates,  the  former  of  which  has  a  white,  and  the  latter 
a  brick-red  colour.* 

105S.  Sesqicichloride  of  Arsenic,  2As+3Cl,  or  As'Cl3,  75.4  2  eq.  Sesqoi. 
arsen.  +  106.26  3  eq.  chlor.  as  181.66  equiv.    When  arsenic  in  chIonde' 

*  Liebig  Ann.  xxiii.  217. 

t  For  minute  details,  the  manipulation,  precautions,  sources  of  error,  &c.,  the  stu- 
dent must  be  referred  to  Turner's  Elements  p.  333 ;  Chrislisoo  on  Poisons  ;  Marsh 
on  the  separation  of  arsenic  ;  Trans.  8oc.  of  Arts.  Li.  and  Edin.  Philos.  Jour. 
Oct.  1836;  Reid 's *  Prac.  Chem.  341;  Henry's  Blem.  of  Chem.  vol.  ii.  p.  688, 
10th  edit.;  to  Murray's  System,  vol.  iii.  p.  441,  4th  edit;  to  Bostock's  Paper  in 
the  Edin.  Med.  and  Surg.  Jour.  vol.  v.  p.  166 ;  Hume's  Essay  in  the  Phil.  Mag. 
vol.  xxxiii. ;  and  Land.  Med.  and  Phys.  Jour.  vol.  xxiii. ;  Marcet's  Paper,  in  the 
Medico- Chirurg.  Trans,  vol.  ii. :  Sylvester's  Observations  in  Nicholson's  Jour.  vol. 
iixiii.  ;  Beck's  Med.  Juris,  vol.  it. ;  Traill's  Paper,  in  Boston  Jour,  of  Philos.  1, 
643 ;  Edin.  Medico.  Chirurg.  Trans,  vol.  ii. 

Krom  late  investigations  arsenic  possesses  the  property  of  preserving  from 
decay  the  bodies  of  those  poisoned  with  it.  The  antiseptic  effects  sometimes 
extend  only  to  the  stomach  and  intestines,  that  is,  to  the  parU  directly  in  contact 
with  it;  but  in  some  instances  the  whole  body  is  preserved.  The  stomach  and  in- 
testines of  persons  killed  with  arsenic  have  been  found  entire  and  firm  at  the  dis- 
tance of  five,  six.  and  fourteen  months,  or  even  of  two  years  and  a  half  after  death  ; 
and  in  some  of  these  instances  the  poison  itself  was  detected.  Edin.  Philos.  Jour. 
vii.  381. 

A  voltaic  battery  made  to  act  on  a  little  arsenious  solution  placed  on  a  bit  of  glass, 
develops  metallic  arsenic  at  the  negative  pole,  and  if  this  wire  be  copper,  it  will  be 
'  like  tombac. 


X  Protochloride  of  Afoenic.  As+Cl,  or  AsCl,  37.7  I  eq.  arsen.  -f  35.42  I  eq.  chlor. 
=  73.12  equiv.  It  is  prepared  by  introducing  into  a  tubulated  retort  a  mixture  of 
arsenious  acid  with  ten  times  its  weight  of  concentrated  sulphuric  acid  ;  and  after 
its  temperature  to  near  212°,  fragments  of  sea-salt  are  thrown  in.* 

♦  See  Qnsrl.  Jour.  Scu*.  N.  8.  L  225. 
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Ch»p  iv.  powder  is  thrown  into  a  jar  full  of  dry  chlorine  gas,  it  takes  fire 
and  sesquichloride  of  arsenic  is  generated ;  and  the  same  compound 
may  be  formed  by  distilling'  a  mixture  of  six  parts  of  corrosive 
sublimate  with  one  of  arsenic.  It  is  a  colourless  volatile  liquid 
which  fumes  strongly  on  exposure  to  the  air,  hence  called  fuming 
liquor  of  arsenic,  and  is  resolved  by  water  into  hydrochloric  and  ar- 
senious  acids.# 

Arsenic  1059-  Arseniuretted  Hydrogen,  2As+3H,  or  As'H3,  75.4  2eq. 
an. i  hydro-  arsen.  -f-  3  3  eq.  hydrog.  =  78.4  equiv.    When  arsenic  is  present- 

ed  to  nascent  hydrogen  a  portion  of  the  metal  combines  with  the 

gas. 

The  compound  is  obtained  by  adding  a  portion  of  metallic  arsenic,  or  of 
white  arsenic,  to  the  mixture  of  zinc  and  dilute  sulphuric  acid  usually  employed 
for  the  production  of  hydrogen.  It  may  also  bo  obtained  by  acting  on  water 
with  a  triple  alloy  of  arsenic,  potassium,  and  antimony.  This  alloy  may  be 
formed  by  heating  strongly,  for  two  hours,  in  a  close  crucible,  two  parts  of  anti- 
mony, two  of  cream  of  tartar,  and  one  of  white  arsenic  When  two  or  three 
drachms  of  this  alloy  are  thrown  quickly  under  a  jar  inverted  in  water,  abun- 
dance of  at tcnivrettcd  hydrogen  is  disengaged. 

The  greatest  caution  should  be  used  to  avoid  its  deleterious  effects, 
which  were  fatal  to  M.  Gehlen.t  The  gas  may  be  collected  over 
water,  which,  however,  absorbs  one  fifth. 

1060.  It  suffers  gradual  decomposition  when  mixed  with  atmos- 


Decompoj- 
ed. 


fiheric  air,  water  being  formed,  and  metallic  arsenic,  together  with  a 
ii 


ttle  oxide,  deposited.  With  iodine  it  yields  hydriodic  acid  gas  aod 
iodide  of  arsenic,  and  sulphur  and  phosphorus  produce  analogous 
changes.  By  its  action  on  salts  of  the  easily  reducible  metals,  sucb 
as  silver  and  gold,  the  metal  is  revived,  and  its  oxygen  uniting  with 
the  elements  of  the  gas  constitutes  arsenious  acid  and  water. 
Action  of  'l 's  decomposed  Dy  chlorine,  bubbles  of  which  may  be  passed  up 
chlorine,     into  a  jar  of  arseniu retted  hydrogen,  standing  over  warm  water; 

flame  and  explosion  are  often  produced,  hydrochloric  acid  is  formed 
and  the  metal  set  free.  But  if  the  gas  be  passed  in  the  same  way 
into  chlorine,  no  inflammation  results,  absorption  takes  place,  and 
hydrochloric  acid  and  chloride  of  arsenic  are  formed.  If  the  chlo- 
rine be  not  very  pure,  and  when  the  gases  are  cold,  inflammation 
seldom  follows  their  mixture.  B.  ii.  123. 
Effect  of  1061.  Arseniuretted  hydrogen  in  a  glass  tube  is  completely  de- 
heat,  Ac.  composed  by  the  heat  of  a  spirit-lamp,  and  its  hydrogen  occupies  one 
and  a  half  as  much  space  as  when  in  combination.  When  mixed 
with  oxygen,  and  detonated  by  the  electric  spark,  each  volume  of 
the  gas,  in  forming  water  and  arsenious  acid,  requires  one  and  a 
half  its  volume  of  oxygen  gas.  The  oxygen,  therefore,  is  equally 
divided  between  the  arsenic  and  hydrogen  ;  and  arseniuretted  hy- 
drogen consists  of  two  equivalents  of  arsenic  and  three  of  hydrogen. 
By  volume,  it  is  composed  of  half  a  volume  of  the  vapour  of  arsenic, 
and  three  vols,  of  hydrogen,  condensed  into  two  volumes. t 

Sulphur ets  of  Arsenic. 

(3_     1062.  Protosulphuret  of  Arsenic,  As-j-S,  or  AsS,  37.7  1  eq. 
'arsen.  +  161  1  eq.  sulph.  =  53.9  equiv.    Sulphur  unites  with 

•  Dr  Dary.      t  Ann.  de  Chim.  et  Phyt.  in.  131.      X  Ann.  de  Cfrtm.xliii.  407. 
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arsenic  in  at  least  three  proportions,  forming  compounds,  two  of  Sect.  ▼!« 
which  occur  in  the  mineral  kingdom,  and  are  well  known  by  the  " 
names  of  realgar  and  orpiment.  Realgar  or  the  protosulphuret 
may  be  formed  artificially  by  heating  arsenious  acid  with  about  half 
its  weight  of  sulphur,  until  the  mixture  is  brought  into  a  state  of 
perfect  fusion.  The  cooled  mass  is  crystalline,  transparent,  and  of 
a  ruby  red  colour  ;  and  may  be  sublimed  in  close  vessels  without 
change. 

1063.  Orpiment,  or  Sesquisulphuret  of  Arsenic,  2As+3S,  or^;^^ 
AsS*,  75.4  2  eq.  arsen.  -|-  48.3  3  eq.  sulph.  =  123.7  equiv.,  may 

be  prepared  by  fusing  together  equal  parts  of  arsenious  acid  and 
sulphur  ;  but  the  best  mode  of  obtaining  it  quite  pure  is  by  trans- 
mitting a  current  of  hydrosulphuric  acid  gas  through  a  solution  of 
arsenious  acid.  Orpiment  has  a  rich  yellow  colour,  fuses  readily 
when  heated,  and  becomes  crystalline  on  cooling,  and  in  close  ves- 
sels may  be  sublimed  without  change.  It  is  dissolved  with  great 
facility  "by  the  pure  alkalies,  and  yields  colourless  solutions. 

1064.  Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  useB 
principle  of  the  paint  called  King's  yelloio.    Braconnot  has  proposed 

it  likewise  for  dyeing  silk,  woollen,  or  cotton  stuffs  of  a  yellow  colour ; 
the  cloth  being  soaked  in  a  solution  of  orpiment  in  ammonia,  and 
then  suspended  in  a  warm  apartment.  The  alkali  evaporates,  and 
leaves  the  orpiment  permanently  attached  to  the  cloth.* 

1065.  Persidphuret  of  Arsenic,  2As+5S,  or  As4S5,  75.4  2  eq.  Perwiph0. 
eq-  arsen.  -f-  80.5  5  eq.  sulph.  =  155.9  equiv.,  is  prepared  by  trans-  r«t. 
roitting  hydrosulphuric  acid  gas  through  a  moderately  strong  solu- 
tion of  arsenic  acid;  or  by  saturating  a  solution  of  arseniate  of  po- 

tassa  or  soda  with  the  same  gas,  and  acidulating  with  hydrochloric 
or  acetic  acid.  The  oxygen  of  the  acid  unites  with  the  hydrogen 
of  the  gas,  and  persulphuret  of  arsenic  subsides.  In  colour  it  is 
very  similar  to  orpiment.t 

1066.  Arsenic  forms  alloys  with  most  of  the  metals,  and  they  Alloy*, 
are  generally  brittle. 

1067.  Arsenic  is  used  in  a  variety  of  the  arts.    It  enters  into  me-  Uses, 
tallic  combinations,  wherein  a  while  colour  is  required.  Glass 
manufacturers  use  it;  but  its  effect  on  the  composition  of  glass 
does  not  seem  to  be  clearly  explained. 

Chromium. 
Symb.  Cr   Eq.  28 

1068.  Chromium^  was  discovered  by  Vauquelin  in  1797,  in  a  Discovery, 
beautiful  red  mineral,  the  native  dichromate  of  oxide  of  lead.  It 

has  since  been  delected  in  the  mineral  called  chromate  of  iron,  a 
compound  of  the  sesquioxides  of  chromium  and  iron  which  occurs 
in  several  places  in  Europe  and  in  this  country. 

•An.dtCh  etde  Ph.  xii. 

t  The  experiments  of  Orfila  hare  proved  that  the  sulphurets  of  arsenic  are  poison- 
ous, though  in  a  much  less  degree  than  arsenious  acid.  The  precipitated  sulphuret 
is  more  injurious  than  the  native  orpiment.  The  antidote  to  arsenious  acid  is  by- 
dialed  sesquioxide  of  iron.  (Bunson.) 

t  From  Xpupa,  colour,  indicative  of  its  remarkable  tendency  to  form  coloured 

com  pounds. 
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Chap  iv»  1069.  Chromium,  which  has  been  procured  in  small  quantity, 
How  ob-  owing  to  its  powerful  attraction  for  oxygen,  may  be  obtained  by  cx« 
lamed.      posing  the  sesquioxide  of  chromium  mixed  with  charcoal  to  the 

most  intense  heat  of  a  smith's  forge. 

A  more  convenient  process  is  to  decompose  the  sesquicbloride  by 

heat  and  ammoniacal  gas,  in  which  case,  the  metal  has  a  chocolate- 

brown  colour.    In  this  finely  divided  state,  it  takes  fire  when  heated 

in  the  open  air.* 

Properties,     107°-  II  is  a  brittle  metal,  of  a  grayish  white  colour,  and  very 

&c.         infusible.    Its  sp.  gr.  is  5.9. 

When  fused  with  nitre  it  is  oxidized,  and  converted  into  chromic 
acid.  With  a  smaller  quantity  of  oxygen  it  forms  the  green  or  ses- 
quioxide. 

1071.  Sesquioxide  of  Chromium,  20+30,  Cr,  or  CrW,  56  2 
&j»quiox-  eq  chrom.  -f-  24  3  eq.  oxy.  =  80  equiv.     This,  the  only  known 

oxide  of  chromium,  is  prepared  by  dissolving  chromate  of  potassa  in 
water,  and  mixing  it  with  a  solution  of  nitrate  of  protoxide  of  mercu- 
ry ;  when  an  orange  coloured  precipitate,  chromate  of  that  oxide, 
subsides.  On  heating  this  salt  to  redness  in  an  earthen  crucible, 
the  mercury  is  dissipated  in  vapour, and  the  chromic  acid  is  resolved 
into  oxygen  and  sesquioxide  of  chromium. 

1072.  It  may  also  be  obtained  in  small  tabular  crystals  by  ex- 
Crystals,    posing  the  bichromate  of  potassa  to  a  strong  red  heat ;  1  eq.  of 

chromic  acid  loses  oxygen,  while  the  other  forms  a  neutral  salt  with 
the  potassa.    The  latter  is  readily  removed  by  boiling  water. 

1073.  Wdhler  has  obtained  this  oxide  in  fine  crystals  by  conduct- 
Wohler's  ing  the  vapour  of  the  oxyrhloride  of  chromium  (formerly  terc/doride) 
process.     through  a  red-hot  glass  tube  ;  it  is  decomposed  and  the  sesquioxide 

is  deposited  in  fine  crystals,  a  mixture  of  oxygen  and  chlorine  gases 
is  evolved. 

1074.  As  obtained  by  either  of  the  first  processes,  it  is  a  green 
Properties.  p0W(jer ;  but  the  crystals  of  Wohler  are  black,  and  possess  a  strong 

metallic  lustre,  resembling  specular  iron  ore  ;  it  is  as  hard  as  corun- 
dum, and  has  a  sp.  gr.  of  5.21 ;  its  powder  is  green. 

1075.  It  is  insoluble  in  water,  and  after  being  strongly  heated  re- 
Solubility,  sists  the  action  of  the  strongest  acids.  It  is  oxidized  when  denV 
**■         grated  with  nitre.    It  communicates  a  green  colour  to  borax,  a  gowi 

test  of  its  presence,  and  a  useful  property  in  the  arts.  To  it  the 
emerald  owes  its  colour. 

1076.  Sesquioxide  of  chromium  is  a  salifiable  base,  and  its  salts, 
Salts  of.     which  have  a  green  colour,  may  easily  be  prepared  in  the  following 

manner. 

To  a  boiling  solution  of  chromate  of  potassa  in  water,  equal  measures  of  strong 
hydrochloric  acid  and  alcohol  arc  added  in  successive  small  portions,  until  th« 
red  tint  of  the  chromic  acid  disappears  entirely,  and  the  liquid  acquires  a  pur* 
green  colour.  On  pouring  an  excess  of  pure  ammonia  into  this  solution,  a  pale 
green  bulky  hydrate  subsides,  which  consists  of  one  equivalent  of  the  oxide  aod 
twentysix  equivalents  of  water.t 

The  oxide,  in  this  state,  is  readily  dissolved  by  acids.    On  expel- 
ling the  water  by  heat,  the  sudden  approximation  of  the  particles, 


*  An.  de  Ch.etde  PL  xlviii.  297.  t  Thomson. 
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which  abruptly  occurs  at  a  certain  temperature,  causes  such  intense  Sect,  vi. 
evolution  of  heat  that  the  whole  mass  becomes  vividly  incandescent. 

The  anhydrous  sesquioxide  is  formed  when  bichromate  of  potassa 
is  briskly  boiled  with  sugar  and  a  little  hydrochloric  acid. 

1077.  Chromic  Acid,  Cr+30,  Cr,  or  CrO3,  28  1  eq.  chr.  +  24  3  Chromic 
eq.  oxy.  =  52  equiv.,  may  be  procured  from  the  ore  called  chromate  acid- 

of  iron*  by  the  following  process. 

Reduce  the  ore  to  fine  powder,  heat  it  red-hot  for  two  hours,  mixed  with  half  proces,. 
iti  weight  of  nitre  j  wash  the  contents  of  the  crucible,  and  add  to  the  lixivium 
nitric  acid  to  neutralize  the  excess  of  potassa  ;  a  solution  of  nitrate  and  chromate 
of  potassa  is  obtained.  Upon  adding  nitrate  of  lead  to  this  solution,  chromate  of 
lead  is  precipitated  in  the  form  of  a  yellow  powder,  which  is  to  be  washed,  dried, 
and  heated  to  redness.  Of  this  chromate  four  parts  are  then  well  mixed  with 
three  of  finely  powdered  and  pure  fluor  spar  (previously  heated  red-hot),  and  five 
of  highly  concentrated  sulphuric  acid  ;  this  mixture  is  introduced  into  n  distilla- 
tory apparatus  of  lead  or  platinum,  and  gently  heated  ;  a  red  vapour  is  liberated, 
which  is  conducted  into  distilled  water  contained  in  a  vessel  of  platinum  ;  it  is 
then  condensed  into  a  dark  orange-coloured  liquid  ;  the  red  vapour  is  a  fluoride 
of  chromium,  and  is  resolved  by  water  into  hydrofluoric  and  chromic  acids,  the 
solution  of  which,  evaporated  in  a  platinum  vessel,  leaves  pure  chromic  acid.  If, 
instead  of  conducting  the  vapour  into  water,  it  be  received  into  a  platinum  ves- 
sel, containing  pieces  of  moist  blotting  paper,  it  is  decomposed  as  before  ;  but  the 
chromic  acid  is  deposited  in  beautiful  acicular  crystals  wnich  soon  deliquesce.  B. 

It  may  be  obtained  by  dropping  hydrochloric  acid  into  a  mixture  of  chromate 
of  silver  and  distilled  water,  until  the  red  brown  colour  is  reduced  to  white  with  Hayes's 
»  tinge  of  red  ;  at  the  same  time  filtering  and  cautiously  adding  a  few  drops  of  process, 
hydrochloric  acid,  till  a  white  precipitate  ceases  to  be  formed.  When  large  quan- 
tities are  required,  the  bichromate  of  lead  may  be  added  to  strong  hydrochloric 
acid,  and  the  mixture  placed  on  a  warm  sand-bath  for  a  few  hours,  occasionally 
stirring  the  mass.  Water  may  then  be  added,  and  filtered  from  the  chloride  of 
lead,  and  the  filtered  fluid  used  instead  of  the  hydrochloric  acid  in  decomposing 
the  chromate  of  silver;  in  either  process  a  solution  of  pure  chromic  acid  is  ob- 

1078.  Chromic  acid,  according  to  Turner,  is  black  while  warm,  prop€rljeg 
and  of  a  dark  red  colour  when  cold  ;  according  to  Hayes  it  is  yel- 
lowish-brown when  dry.    It  is  very  soluble  in  water,  rendering  it 

red  or  yellow  according  to  the  degree  of  dilution  ;  when  the  solution 
is  concentrated  by  heat  and  allowed  to  cool  it  deposits  red  crystals 
which  are  deliquescent.  The  solution  has  an  acid  and  astringent 
taste,  it  bleaches  litmus  and  blue  paper. 

1079.  Chromic  acid  is  converted  into  the  sesquioxide,  with  evolution  Dcoxidiz- 
of  oxygen,  by  exposure  to  a  strong  heat.    It  is  more  or  less  com-  ed. 
pletely  converted  into  the  oxide  by  being  boiled  with  sugar,  starch, 

or  various  other  organic  principles.  It  destroys  the  colour  of  indigo, 
and  of  most  vegetable  and  animal  colouring  matters ;  a  property  ad- 

— — — ■  »  — _  

*  Hayes  in  Amer.  Jour.  xiv.  136. 

t  Another  method  consists  in  decomposing  a  hot  concentrated  solution  of  bichro-  Mlul.# 
mate  of  potassa  by  silicate  .1  hydrofluoric  acid.  The  chromic  acid,  after  being  sepa-  method, 
rated  from  the  sparingly  soluble  fluoride  of  silicon  and  potassium,  is  evaporated  to 
drvness  ia  a  platinum  capsule,  and  then  redissolved  in  the  smallest  possible  quantity 
of* water.  By  this  means  the  last  portions  of  the  double  salt  are  rendered  insoluble, 
and  the  pure  chromic  acid  may  be  separated  by  decantation.  The  acid  must  not  he 
filtered  in  this  concentrated  state,  as  it  then  corrodes  paper  like  sulphuric  acid,  and  is 
converted  into  chromate  of  the  sesquioxide  of  chromium.  When  it  is  wished  to  pre- 
pare a  large  quantity  of  chromic  acid  by  this  process,  porcelain  vessels  may  be  safely 
employed  in  the  first  part  of  the  operation,  provided  care  is  taken  to  add  a  quantity 
of  si  heated  hydrofluoric  acid  not  quite  sufficient  for  precipitating  the  whole  ol  the  po- 
tassa. Edin.  Jour,  of  Sci.  viii.  175 ;  see  also  Henry's  Chem.  ii.  62,  Brewster's  Jour. 
xvii.  176,  and  Gray's  Oper.  Chem.  750. 
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Ch>p.  iv.  vnntageously  employed  in  calico  printing:,  and  which  manifestly 
depends  on  the  facility  with  which  it  is  deprived  of  oxygen. 

Colour  &c.  1080.  Chromic  acid  is  characterized  hy  its  colour,  and  by  forming 
coloured  salts  with  alkaline  bases.  The  most  important  of  these 
salts  is  chromate  of  protoxide  of  lead,  which  is  found  native  in  small 
quantity,  and  is  easily  prepared  by  mixing  chromate  of  potassa  with  a 
soluble  salt  of  lead.  It  is  of  a  rich  yellow  colour,  and  is  employed 
in  the  arts  of  painting  and  dyeing  to  great  extent.* 

Process.  1081.  Perfluoride  of  Chromium.  CrF5  ?  When  a  mixture  of  three 
parts  of  fluor  spar  and  four  of  chromate  of  protoxide  of  lead  is  dis- 
tilled with  five  parts  of  fuming  or  even  common  sulphuric  acid  in  a 
leaden  retort,  a  red-coloured  gas  is  disengaged,  which  acts  rapidly 
on  glass,  with  deposition  of  chromic  acid  and  formation  of  fluo-silicic 
acid  gas.    It  is  absorbed  by  water,  and  the  solution  is  found  to  con- 

Properties.  tajn  a  mixture  of  fluoric  and  chromic  acids.  The  watery  vapour  of 
the  air  effects  its  decomposition,  so  that  when  mixed  with  air,  red 
fumes  appear,  owing  to  the  separation  of  minute  crystals  of  chromic 
acid.    Its  true  composition  is  not  yet  determined. 

Oxychlo-       Oxtfchhride  of  Chromium,  CrCl'+^rO3,  238.26  equiv.,  was  dis- 

ride.  covered  at  the  same  time  as  the  preceding,  end  was  obtained  by 
the  action  of  fuming  sulphuric  acid  on  a  mixture  of  about  equal 
weights  of  chromate  of  protoxide  of  lead  and  chloride  of  sodium. 
It  is  a  heavy  red  liquid,  volatile  and  yielding  red  vapours  when  ex- 
posed  to  the  air.  It  is  decomposed  by  water  into  hydrochloric  and 
chromic  acids. 

Vanadium. 
Symb.  V      Equiv.  63.5 
10S2.  Vanadium,  so  called  from  Vanadis,  the  name  of  a  Scandi- 
orery.  navian  Deity,  was  discovered  in  the  year  1830,  by  Sefstrom,  of  Fah- 
lun,  in  iron  prepared  from  the  iron-ore  of  Taberg,  in  Sweden.  He 
afterwards  found  a  more  abundant  source  in  the  slag  or  cinder 
formed  during  the  conversion  of  the  cast  iron  of  Taberg  into  the  mal- 
leable iron.    Soon  after,  the  same  metal  was  found,  by  Johnson,  in  a 
a  mineral  from  Wanlock-head,  in  Scotland,  where  it  occurs  as  a  va- 
nadiate  of  protoxide  of  lead.    A  similar  mineral,  found  at  Zimapan 
in  Mexico,  was  examined  in  the  year  1S01  by  del  Rio. 

1083.  Vanadium  was  obtained  by  a  complicated  processt  from  the 
slag,  but  may  be  more  easily  procured  from  native  vanadiate  of  lead. 

Process.  The  ore  is  dissolved  in  nitric  acid,  the  lead  and  arsenic  are  precipitated  by  hy- 
drosulphunc  acid,  a  blue  solution  is  formed  and  evaporated  to  dryness.  The  re- 
sidue is  dissolved  by  ammonia,  and  the  vanadiate  of  ammonia  precipitated  by  a 
piece  of  sal  ammoniac.  The  vanadic  acid  is  thus  separated  from  arsenic,  phos- 
phoric, and  hydrochloric  acids  with  which  it  Is  generally  associated. 

Appear-  1084.  Vanadium  was  separated  in  a  pulverulent  state,  by  means  of 
ance,  &c.    potassium,  having  but  little  tenacity  or  appearance  of  a  metal.  But 


*  Sesquichloride  of  Chromium..  2CH-3C1,  or  Cl*CP,  66  2  eq.  chrom,  +  106  26  3 
eq.  cblor.  =  162  26  equiv.  It  is  prepared  hy  transmitting  dry  chlorine  gas  over  a  mix- 
ture of  oxide  of  chromium  and  charcoal  heated  to  redness  in  a  tube  of  porcelain ;  when 
the  sesquichloride  gradually  collects  as  a  crystalline  suhlimate  of  a  peach-purple  co- 
lour, which  in  thin  layers  is  transparent,  but  in  thicker  masses  is  opaque.  The  ses- 
quicbloride  of  chromium  dissolves  slowly  forming  a  deep  green  solution. 

t  For  the  details  see  Turner's  Element*,  U4. 
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under  strong  pressure  it  assumed  a  lustre  like  that  of  graphite.    By  s*ct.  vi. 
a  process  of  Rose's  it  had  more  of  a  metallic  appearance,  a  white 
colour,  and  strong  lustre. 

10S5.  It  is  so  extremely  brittle  that  it  cannot  be  removed  with- 
out falling  into  powder.  It  is  not  oxidized  either  by  air  or  water ;  Jj°Perl«ti 
although  by  continued  exposure  to  the  air  its  lustre  gradually  grows 
weaker,  and  it  acquires  a  reddish  tint.  It  is  not  dissolved  by  boiling 
sulphuric,  hydrochloric,  or  hydrofluoric  acid  ;  but  by  nitric  and  nitro- 
hvdrochloric  acid  it  is  attacked,  and  the  solution  has  a  beautiful  dark 
blue  colour.  It  is  not  oxidized  by  being  boiled  with  caustic  potassa, 
nor  by  carbonated  alkalies  at  a  red  heat. 

1086.  Protoxide  of  Vanadium.  V+O,  V,  or  VO,  68.6  1  eq.  Protoxide 
vanad.  -f-  S  1  eq.  oxy.  =  76.5  equiv.  This  compound  is  readily 
formed  from  vanadic  acid  by  the  combined  agency  of  heat  and  char- 
coal or  hydrogen  gas.  When  rendered  coherent  by  compression  it 
possesses  a  property  very  unusual  in  oxides,  that  of  conducting 
electricity,  and  in  relation  to  zinc  of  being  as  strongly  electro-nega- 
tive as  silver  or  copper. 

1087.  Binozide  of  Vanadium.    V+20,  V,  or  VO8,  68.5  1  eq.  Binoxidt. 
vanad.  -|-  16  2  eq.  oxy.  =  84.5  equiv.    This  oxide  is  best  prepared, 

in  the  dry  way,  by  heating  to  full  redness  an  intimate  mixture  of  10 
parts  of  the  protoxide  with  12  of  vanadic  acid  in  a  vessel  filled  with 
carbonic  acid,  or  from  which  combustible  matter  on  the  one  hand, 
and  oxygen  gas  on  the  other,  are  carefully  excluded. 

The  salts  of  the  binoxide  of  vanadium  are  distinguished  by  their 
bine  colour,  and  by  forming  with  solution  of  gall-nuts  a  black  com- 
pound, a  tannate  of  the  binoxide,  very  similar  to  ink. 

The  binoxide  is  disposed  to  act  the  part  of  an  acid  by  uniting  with 
alkaline  bases,  with  which  it  forms  definite  and  in  some  cases  crys- 
talline compounds. 

108a  Vanadic  Acid,  V+30,  V,  or  VO",  68.5  1  eq.  vanad.  +  24  vanadic 
3eq.  oxy.  =r  92.5  equiv.,  is  tasteless,  insoluble  in  alcohol,  and  very  •«d# 
slightly  soluble  in  water,  which  takes  up  rather  less  than  r  n'o  cv  of  its 
of  its  weight,  acquiring  a  yellow  colour  and  an  acid  reaction.  Heat- 
ed with  combustible  matter  it  is  deoxidized,  being  converted  into  the 
protoxide  or  binoxide,  or  mixtures  of  these  oxides.  In  solutions  it  is 
deprived  of  oxygen  by  all  deoxidizing  agents. 

1089.  Vanadic  acid  unites  with  salifiable  bases  often  in  two  or  g^tt  0ft 
more  proportions,  forming  soluble  salts  with  the  alkalies,  and  in  ge- 
neral sparingly  soluble  salts  with  the  other  metallic  oxides.  Those 

with  excess  of  acid  are  commonly  of  a  red  or  orange-red  colour. 
Most  of  the  neutral  salts  are  yellow. 

Vanadic  acid  is  distinguished  from  all  other  acids  except  the  chro- 
mic by  its  colour,  and  from  this  acid  by  the  action  of  deoxidizing 
aubMances,  which  give  a  blue  solution  with  the  former  and  a  green 
with  the  latter. 

1090.  Sulphured.    When  the  binoxide  of  vanadium  is  heated  tosulphoiti. 
redness  in  a  current  of  hydrosulphuric  acid  gas,  it  is  converted  into 
protoxide,  and  both  water  and  sulphur  are  obtained  :  on  continuing 

the  process  the  protoxide  is  decomposed,  hydrogen  gas  and  water 
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Ch»p  iv.  Pas9  over»  aiJd  bisulphuret  of  vanadium  is  generated.  (Bisulphorel 

 1  of  Vanadium,  V+2S,  or  VS8,  68.5  1  eq.  vanad.  +  32.2  2  eq.  solph. 

=  100.7  equiv.) 

1091.  When  a  solution  of  vanadic  acid  in  hydrosulphate  of  ammo- 
nia is  acidulated  by  hydrochloric  or  sulphuric  acid,  the  hydrated  ter- 
Tersuiphu-  sulphuret  of  vanadium  subsides.  Its  colour  is  of  a  much  lighter  brown 
than  the  bisulphuret,  becomes  almost  black  in  drying,  and  is  resolved 
by  a  red  heat  in  close  vessels  into  the  bisulphuret,  with  loss  of  water 
and  sulphur.* 

Molybdenum. 

Symb.  Mo       Equic.  47.7 

or,  1092.  The  sulphuret  is  the  most  common  natural  compound  of 

this  metai. 

When  this  ore,  in  fine  powder,  is  digested  in  mtro-hydrocbloric  swid  unci 
completely  decomposed,  and  the  residue  is  briskly  healed,  in  order  to  expel  sul- 
phuric acid,  molybdic  acid  remains  in  the  form  of  o  white  hea>y  powder  From 
this  acid  metallic  molybdenum  may  be  obtain •  d  by  exposing  it  with  charcoal  to  the 
strongest  heat  of  a  smith's  forge ;  or  by  conducting  over  it  a  current  of  hjdrofen 
gas  while  strongly  heated  in  a  tabe  of  porcelain. t 

1093.  Molybdenum  is  a  brittle  metal,  very  infusible,  aod  of  i 
white  colour.    It  has  been  procured  but  in  small  quantities,  and  its 
Mulyhde-   properties  are  known  imperfectly.    Its  sp.  gr.  is  8.615.  When 
heated  in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  mo- 
lybdic acid. 

Protoxide.  Protoxide  of  Molybdenum.    Mo+O,  Moor  MoO,  47.71  eq. 

molyb.  4"  8  1  eq.  oxy.  =  65.7  equiv.  This  oxide  is  obtained, 
according  to  Berzelius,  by  precipitating  the  hydrochloric  solution  of 
molybdic  acid  by  zinc.  It  is  in  the  form  of  a  brown  hydrate  and 
gives  dark  coloured  solutions  with  the  acids. 

Binoxide.  1095.  Binoxide  of  Molybdenum,  Mo+20,  Mo,  or  MoO*,  477 
molyb.  -{-  16  oxy.  =  63.7  equiv.,  is  obtained  as  a  deep  brown  an- 
hydrous powder  by  mixing  molybdate  of  soda  with  half  its  weight  of 
sal  ammoniac  in  fine  powder,  projecting  the  mixture  into  a  red-hoi 
crucible  which  is  to  be  instantly  covered,  and  the  heat  continued 
until  vapours  of  sal  ammoniac  cease  to  appear. 

Hydrate.  ^e  hyd"116*  °f  a  rust-brown  colour,  may  be  formed  by 

digesting  molybdenum  in  powder  with  molybdic  acid  dissolved  in 
hydrochloric  acid,  until  the  liquid  acquires  a  deep  red  colour,  and 
then  adding  ammonia;  or  by  adding  ammonia  to  a  solution  of  the 
bichloride. 

Anhydrous.  1097.  The  anhydrous  binoxide  is  insoluble  in  acids  and  is  changed 
into  molybdic  acid  by  strong  nitric  acid.  The  hydrate  is  very  Hke 
hydrated  peroxide  of  iron,  is  dissolved  by  acids  with  which  it  forms 
red  salts,  is  insoluble  in  the  alkalies,  but  dissolves  in  alkaline  carbo- 
nates. It  is  soluble,  though  sparingly,  in  pure  water. 
Molybdic  1098.  Molybdic  Acid.  Mo+30,  or  MoO3,  47.7  1  eo.  molyb.  + 
•ad.  24  3  eq.  oxy.  =  71.7  equiv.  When  sulphuret  of  molybdenum  is 
roasted  in  an  open  crucible  kept  at  a  low  red  heat,  and  stirred  until 
sulphurous  acid  ceases  to  escape,  a  dirty  yellow  powder  is  left* 
which  contains  impure  molybdic  acid.    The  acid  is  taken  up  by  am- 

*  8m  Turnar,  147. 
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and  the  filtered  solution  evaporated  to  dryness;  it  is  again  VI- 
taken  up  by  water,  a  little  ammonia  being  added,  and  filtered ;  and 
it  is  then  purified  by  crystallization.  On  heating  gently  in  an  open 
platinum  crucible,  taking  care  to  prevent  fusion,  the  ammonia  is  ex- 
pelled,  and  the  pure  acid  remains.  It  is  also  obtained  by  oxidizing 
the  binoxide  with  nitric  acid. 

Molybdic  acid  is  a  white  powder,  of  sp.  gr.  3.49,  fusible  by  a  red 
heat  into  a  yellow  liquid.  It  requires  570  times  its  weight  of  water 
for  solution.  It  is  soluble  in  the  alkalies,  forming  colourless  molyb- 
dates,  from  which  molybdic  ncid  is  precipitated  by  the  stronger  acids. 

1099.  Sulphurefs.    Molybdenum  combines  with  sulphur  in  three  Sulphurets. 
proportions.    The  lowest  grade  is  the  bisulphuret,  which  is  the  most 
common  ore  of  molybdenum,  and  is  usually  associated  with  ores  of 

tin,  has  a  lead-gray  colour  and  metallic  lustre  resembling  graphite, 
for  which  it  was  formerly  mistaken.  Its  density  varies  from  4.138 
to  4.569.  It  bears  a  strong  heat  in  close  vessels  without  change, 
but  is  oxidized  by  nitric  acid. 

Tungsten. 

Symb.  W       Equiv.  94.8 

1100.  Tungsten,  or  Tungstenum,  signifies  a  heavy  stone,  and  is 
a  name  given  by  the  Swedes  to  a  mineral,  which  Scheele  found  to 
contain  a  peculiar  metal,  as  he  supposed  in  the  state  of  an  acid, 
united  with  lime.  The  same  metallic  substance  was  afterwards 
found  united  with  iron  and  manganese  in  wolfram. 

1101.  The  metal  is  obtained  by  exposing  a  mixture  of  tungstic 
acid  and  charcoal  to  a  strong  heat.  It  is  difficult  of  fusion,  very 
hard,  brittle,  and  of  an  iron  colour.  Its  sp.  gr.  is  17.5.  By  the  ac- 
tion of  heat  and  air,  tungsten  is  converted  into  tungstic  acid. 

1102.  Wolfram  is  found  in  primitive  countries  generally  accom- 
panying tin  ores  ;  its  colour  is  brownish  black ;  it  occurs  massive 
and  crystallized.* 

1103.  Binoxide  of  Tungsten,  W+20,  W,  or  WO*,  94.8  1  eq. 
tungst.  -f-  16  2  eq.  oxy.  =  110.8  equiv.,  is  formed  by  the  action  of 
hydrogen  gas  on  tungstic  acid  at  a  low  red  heat ;  but  the  best  mode  of 
procuring  it  both  pure  and  in  quantity,  is  that  recommended  by 
Wohler. 

Binoxide  of  tungsten,  when  prepared  by  means  of  hydrogen  g^'prop^,, 
has  a  brown  colour,  and  when  polished  acquires  the  colour  of  copper ; 
but  when  procured  by  Wohler's  process,  it  is  nearly  black.    It  does 
not  unite,  so  far  as  is  known,  with  acids;  and  when  heated  to  near 
redness,  it  takes  fire  and  yields  tungstic  acid. 

1104.  Tungstic  Acid.    W+30,  W,  WO3,  94.8  1  eq.  tungst.  + 

24  3  eq.  oxy.  =  118.8  equiv.    A  convenient  method  of  preparing  a<^Jf*l,e 
tungstic  acid  is  by  digesting  native  tungstate  of  lime,t  very  finely 
levigated,  in  nitric  acid  ;  by  which  means  nitrate  of  lime  is  formed, 


*  For  Wohler's  process  for  obtaining  the  binoxide  from  this  ore,  see  Quart.  Jour, 
of  Sci.  xx.  177,  and  Turner,  p.  352. 

t  A  whitish  semi-transparent  substance,  found  in  England,  Saxony,  Bohemia,  and 
Sweden,  and  occurring  cryatalliied  and  maasiva.   Ita  moat  usual  form  ia  the  octoha-  JJn 
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Chloride 


Bisulphu- 
ret. 


Ch»p.  iv.  and  tungstic  acid  separated  in  the  form  of  a  yellow  powder.  Tung- 
"stic  acid  may  also  be  prepared  by  the  action  of  hydrochloric  acid  on 
wolfram.    It  is  also  obtained  by  heating  the  binoxide  to  redness  in 
open  vessels. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water,  and  has 
no  action  on  litmus  paper.  With  alkaline  bases  it  forms  salts  called 
tungstates,  which  are  decomposed  by  the  stronger  acids.  Heated  in 
open  vessels,  it  acquires  a  green  colour,  and  becomes  blue  when  ex- 
posed to  the  action  of  hydrogen  gas  at  a  temperature  of  500°  or 

1105.  Chlorides.  Tungsten  and  chlorine  unite  in  two  propor- 
tions. When  metallic  tungsten  is  heated  in  chlorine  gas,  it  takes 
fire  and  yields  the  bichloride;  (W+2C1,  or  WCP,  94.8  1  eq.  tuogst. 
-f-  70.84  2  eq.  chlor.  =  165.64  equiv.)  Wohler  has  described  ano- 
ther chloride  formed  at  the  same  time  which  is  converted  by  water 
into  hydrochloric  and  tungstic  acids.  It  exists  in  beautiful  crystals 
of  a  fine  red  colour. 

1106.  Bisulphurct  of  Tungsten,  W+2S,  or  WS»,  94.8  1  eq. 
tungst.  +  32.2  2  eq.  sulph.  =  127  equiv.,  is  obtained  by  passing 
hydrosulphuric  acid  gas,  or  the  vapour  of  sulphur,  over  tungstic  acid 
heated  to  whiteness  in  a  tube  of  porcelain. 

Columbium. 
Symb.  Ta      Equiv.  185 

1107.  This  metal  was  discovered  in  1801,  by  Hatchett,  in  a  black 
mineral  in  the  British  museum,  which  had  been  sent  by  Gov. 
Winthrop  to  Sir  Hans  Sloane,  from  the  vicinity  of  New-L6ndon  in 
Connecticut.* 

A  metal  analogous  in  its  properties  to  columbium,  was  discovered 
by  Ekeberg,  a  Swedish  chemist,  in  two  different  minerals,  called 
Tantalite  and  Yttro-tantalite.  To  this  metal  he  gave  the  name  of 
tantalum.  The  identity  of  these  metals,  however,  was  established, 
in  1809,  by  Wollaston. 

1108.  Columbic  acid  is  with  difficulty  reduced  to  the  metallic 
state  by  the  action  of  heat  and  charcoal ;  but  Berzelius  succeeded  in 
obtaining  this  metal  by  the  same  process  which  he  employed  in  the 
preparation  of  zirconium  and  silicon,  namely,  by  heating  potassium 
with  the  double  fluoride  of  potassium  and  columbium.  On  washing 
the  reduced  mass  with  hot  water,  columbium  is  left  in  the  form  of  a 
black  powder.  In  this  state  it  does  not  conduct  electricity  ;  but  in  a 
denser  state  it  is  a  perfect  conductor.  By  pressure  it  acquires  me- 
tallic lustre,  and  has  an  iron-gray  colour. 

1 109.  It  is  uot  fusible  at  the  temperature  at  which  glass  is  fused. 
When  heated  in  the  open  air,  it  takes  fire  yielding  columbic  acid. 
It  is  dissolved  with  heat  and  disengagement  of  hydrogen  gas  by  hy- 
drofluoric acid,  and  still  more  easily  by  a  mixture  of  nitric  and 
hydrofluoric  acids.  It  is  also  converted  into  columbic  acid  by  fusion 
with  hydrate  of  potassa,  the  hydrogen  gas  of  the  water  being 
evolved. 


DiscoTery. 


Tantalite 
and  yttro- 


Columbie 
acid. 


*  Probably  Haddam,  where  it  was  rediscovered  by  Torrey  (Amer.  Jour.  ir.  82).  A 
crystal  weighing  fourteen  pounds  was  found  by  Johnson,  Ibid,  ui.  387. 
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1110.  Binoxide  of  Columbium,  Ta+20,  fa,  or  TaO9,  185  1  eq.  8<>ct-  vr- 
columb.  -j-  16  2  eq.  oxy.  =  201  equiv.,  is  generated  by  placing  co-  Binoxide. 
lumbic  acid  in  a  crucible  lined  with  charcoal,  luting  carefully  to 
exclude  atmospheric  air,  and  exposing  it  for  an  hour  and  a  half  to 
intense  heat.    When  reduced  to  powder  its  colour  is  dark  brown. 

It  is  not  attacked  by  any  acid,  but  it  is  converted  into  columbic  acid 
either  by  fusion  with  hydrate  of  potassa,  or  deflagration  with  nitre. 

1111.  Columbic  Acid.    Ta-f-30,  Ta,  or  TaO8,  185  1  eq.  columb.  Colombia 
+  24  3  eq.  oxy.  =  209  equiv.    Columbium  exists  in  most  of  its  ,cid- 

as  an  acid,  united  either  with  the  oxides  of  iron  and  manganese, 
in  tautalite,  or  with  the  earth  yttria,  as  in  the  yttro-tantalite.  This 
is  obtained  by  fusing  its  ore  with  three  or  four  times  its  weight 
of  carbonate  of  potassa,  when  a  soluble  columbate  of  that  alkali  re- 
salts,  from  which  columbic  acid  is  precipitated  as  a  white  hydrate  by 
acids. 

1112.  Hydrated  columbic  acid  is  tasteless  and  insoluble  in  water ;  Properties, 
but  when  placed  on  moistened  litmus  paper,  it  communicates  a  red 

tinge.  It  is  dissolved  by  the  sulphuric,  hydrochloric,  and  some  ve- 
getable acids ;  but  it  does  not  appear  to  form  definite  compounds 
with  them.  With  alkalies  it  unites  readily ;  when  the  hydrated  acid 
is  heated  to  redness,  water  is  expelled,  and  the  anhydrous  colum- 
bic acid  remains. 

Antimony. 

Symb.  Sb      Equiv.  64.6 

1113.  This  metal  is  found  native  in  Sweden,  in  France,  and  in  0ref 
the  Hartz;  but  its  principal  ore  is  the  sulphuret  which  is  found  mas- 
sive and  crystallized,  and  of  which  there  are  several  varieties.  The 
most  common  is  the  radiated,  which  is  of  a  gray  colour  and  brittle. 
This  ore  may  be  decomposed,  and  the  pure  metal  obtained  from  it, 

by  the  following  process  : 

Mix  three  parts  of  the  powdered  sulphuret  with  two  of  crude  tartar,  one  of  ni-  Reduction 
tre,  and  throw  the  mixture  by  spoonfuls  into  a  red-hot  crucible;  then  heat  of. 
the  mass  to  redness,  and  a  button  will  be  found  at  the  bottom  01  the  crucible, 
which  is  the  metal  as  it  commonly  occurs  in  commerce. 

1114.  The  metal  thus  obtained  is  not  pure  enough  for  chemical 
use,  and  for  that  should  be  procured  by  heating  the  sesquioxide  with 
an  equal  weight  of  cream  of  tartar. 

1115.  Antimony  (sometimes  called  regulus  of  antimony),  is  of  a  Propertiei. 
silvery  white  colour,  brittle,  and  crystalline  in  its  ordinary  texture. 

It  fuses  at  about  810°  and  is  volatile  at  u  high  heat.  Its  specific 
gravity  is  6.702.  Placed  upon  ignited  charcoal,  under  a  current  of 
oxygen  gas,  antimony  burns  with  great  brilliancy. 

The  vapour  of  water,  brought  into  contact  with  ignited  antimony,  Decompo- 
is  decomposed  with  so  much  rapidity  as  to  produce  a  series  of  deto- »«»  water, 
nations. 

1 1 16.  Sesquioxide  of  Antimony.    2Sb+30,  Sb,  or  Sb'O3,  129.2  2  Sesqaiox- 

eq.  ant.  -|-  24  3  eq.  oxy.  =  153.2  equiv.    When  sesquichloride  of  *de* 
antimony,  made  by  boiling  the  native  sulphuret  in  hydrochloric  acid 
(755),  is  poured  into  water,  a  white  curdy  precipitate  subsides, 
formerly  called  powder  of  Algaroth,  which  consists  of  sesquioxide 
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cup,  iv.  of  antimony  combined  with  undecomposed  sesquichloride.  On  de- 
composing the  latter  by  digestion  with  carbonate  of  potassa  and  then 
washing  with  water,  the  sesquioxide  is  obtained  in  a  state  of  purity. 
It  may  also  be  procured  by  adding  carbonate  of  potassa  or  scda  to  a 
solution  of  tartar  emetic,  and  by  sublimation  during  the  combustion 
of  antimony.  When  slowly  sublimed  it  condenses  in  fine  needles  of 
silvery  whiteness.  It  occurs  as  a  mineral,  the  oxide  of  antimony 
of  mineralogists,  the  primary  form  of  which  is  a  right  rhombic  prism, 
isomorphous  with  the  crystals  of  arsenious  acid  lately  observed  by 
Wohler*  (1049.) 

Properties.     1117.  It  is  a  white  powder,  acquiring  a  yellow  tint  by  heat.  Sp. 

gr.  5.566.  It  is  volatile  and  may  be  sublimed  ;  heated  in  the  air  it 
absorbs  oxygen,  and  antimonious  acid  is  generated. 

1118.  It  is  the  only  oxide  which  forms  regular  salts  with  acids, 
and  is  the  base  of  emetic  tartar,  the  tartrate  of  antimony  and  potash. 

Solubility      Most  of  its  salts  are  either  insoluble  in  water,  or,  like  chloride  of 

of  us  salts.  antimony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  fluid, 
for  the  acid  being  greater  than  that  of  the  acid  for  sesquioxide  of 
antimony.  This  oxide  is  therefore  a  feeble  base,  and  indeed  pos- 
sesses the  property  of  uniting  with  alkalies.  To  the  foregoing  re- 
mark, however,  tartrate  of  antimony  and  potassa,  is  an  exception, 
for  it  dissolves  readily  in  water  without  change.  By  excess  of  tar- 
taric or  hydrochloric  acids,  the  insoluble  salts  of  antimony  may  be 
rendered  soluble  in  water. 

Detected.  1119.  The  presence  of  antimony  in  solution  is  easily  detected  by 
hydrosulphuric  acid.  This  gas  occasions  an  orange-coloured  preci- 
pitate, hydrated  sesquisulphuret  of  antimony,  which  is  soluble  in 
pure  potassa,  and  is  dissolved  with  disengagement  of  hydrosulphuric 
acid  gas  by  hot  hydrochloric  acid,  forming  a  solution  from  which 
the  white  oxychloride  (powder  of  Algaroth)  is  precipitated  by 
water. 

In  trying  the  effect  of  reagents  on  solutions  of  sesquioxide  of  an- 
timony, it  is  convenient  to  employ  tartar  emetic,  from  its  property  of 
dissolving  in  pure  water  without  decomposition.  T.  357. 

It  may  be  detected  when  present  even  in  small  quantity  by  de- 
composing antimooiuretted  hydrogen,  in  the  apparatus  (fig.  179,  p. 
274.)t 

Antimoni-     1120.  Antimonious  Acid,  2Sb+40,  Sb, or  Sb'O4, 129.2  2  eq.  antim. 

ous  etc  1(1  —  - 

'  4"  32  4  cq.  oxy.  =  161.2  equiv.  When  metallic  antimony  is  di- 
gested in  strong  nitric  acid,  the  metal  is  oxidized  at  the  expense  of 
the  acid,  and  hydrated  antimonic  acid  is  formed  ;  on  exposing  this 
substance  to  a  red  heat,  it  gives  out  water  and  oxygen  gas,  and  is 
converted  into  antimonious  acid.  It  is  also  generated  when  the 
oxide  is  exposed  to  heat  in  open  vessels. 
Properties.  1121.  This  acid  is  formed  in  the  process  of  preparing  the  Pulvis 
Antimonialis  of  the  Pharmacopoeia.  Antimonious  acid  is  white 
while  cold,  but  yellow  when  heated,  is  very  infusible,  and  fixed  in 
the  fire,  two  characters  by  which  it  is  readily  distinguished  from  the 

*  Ann.  de  Chim.  et  de  Phya.  li.  201. 

t  For  the  method  of  detecting  antimony  in  mixed  fluids,  &e.,  see  Turner,  p.  357, 
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sesquioxide.    It  is  insoluble  in  water,  and  likewise  in  acids  after  sect-  vi- 
being  heated  to  redness.    It  combines  in  definite  proportions  with 
alkalies,  and  its  salts  are  called  antimonites.    Antimonious  acid  is 
precipitated  from  these  salts  by  acids  as  a  hydrate. 

1122.  Antimonic  Acid,  2Sb+50,  Sb,  or  Sb'O5,  129.2  2  eq.  antim.  Antimooie 

+  40  5  eq.  oxy.  =:  169.2  equiv.,  sometimes  called  peroxide  of  an-  ac*d' 
timony,  is  obtained  as  a  white  hydrate,  by  digesting  the  metal  in 
strong  nitric  acid,  or  by  dissolving  it  in  nitro-hydrochloric  acid,  con- 
centrating by  heat  and  throwing  the  solution  into  water.  When  re- 
cently precipitated  it  reddens  litmus,  and  may  be  dissolved  in  water 
by  means  of  hydrochloric  or  tartaric  acid.  It  does  not  enter  into 
definite  combination  with  acids,  but  with  alkalies  forms  salts,  which 
are  called  antimoniates.  When  hydrated  antimonic  acid  is  exposed 
to  a  temperature  of  500°  or  600°  F.,  the  water  is  evolved,  and  the 
anhydrous  acid  of  a  yellow  colour  remains ;  exposed  to  a  red  heat, 
it  parts  with  oxygen,  and  is  converted  into  antimonious  acid. 

1123.  Chlorides  of  Antimony,  2Sb+3Cl  or  Sb9Cla,  129.2  2  eq.  Chloride., 
antim.  +  106.26  3  eq.  chlor.  —  235.46  equiv.    When  antimony  in 
powder  is  thrown  into  a  jar  of  chlorine  gas,  combustion  ensues,  and 

the  sesquichloride  of  antimony  is  generated,  (616.)  The  same  com- 
pound may  be  formed  by  distilling  a  mixture  of  antimony  with 
about  twice  and  a  half  its  weight  of  corrosive  sublimate,  when  the 
volatile  sesquichloride  of  antimony  passes  over  into  the  recipient, 
and  metallic  mercury  remains  in  the  retort.  At  common  tempera- 
tures it  is  a  soft  solid,  thence  called  butter  of  antimony,  which  is  li- 
quefied by  gentle  heat,  and  crystallizes  on  cooling.  It  deliquesces 
on  exposure  to  the  air.* 

1124.  Sesquisulphuret  of  Antimony,  2Sb+3S,  or  Sb'S3,  129.2  2  ^  M 
eq.  antim.  -f-  48.3  3  eq.  sulph.  =  177.5  equiv.    This  is  by  far  the  phuret. 
most  abundant  ore  of  antimony,  and  is  hence  employed  in  making 

the  preparations  of  antimony.  Though  generally  compact  or  earthy, 
it  sometimes  occurs  in  acicular  crystals  and  in  Thombic  prisms.  Its 
sp.  gr.  is  4.62,  colour  red-gray,  and  its  lustre  metallic.  When  heat- 
ed in  close  vessels,  it  enters  into  fusion  without  any  other  change. 

1125.  It  may  be  formed  artificially  by  fusing  together  antimony  ^j^g^^ 
and  sulphur,  or  by  transmitting  a  current  of  hydrosulphuric  acid 

gas  through  a  solution  of  tartar  emetic  :  in  this  case  it  falls  as  a  hy- 
drate of  an  orange-red  colour,  and  does  not  acquire  its  dark  colour 
till  its  water  is  expelled  by  heat.t 

1126.  Oxysulphuret  of  Antimony,  2SbsS3  -fSb'O3 ,  355  2  eq.  Q 
sesquisulph.  -|-  153.2  1  eq.  sesquiox.  =  508.2  equiv.,  occurs  in  the 
mineral  kingdom,  as  the  red  antimony  of  mineralogists.    The  phar- 
maceutic preparations,  known  as  glass,  liver  and  crocus  of  antimony, 


*  Bichloride  of  Antimony,  2Sb+4Cl,  or  SbKJH,  129.2  2  eq.  antim.  ■+  141.68  4  eq. 
chlor.  =  270.88  equiv. 

Perchloride  of  Antimony,  2Sb+5Cl,  or  Sb»Cl«,  129.2  2  eq.  antim.  +  177.1  6  eq. 
color.  —  306.3  equiv. 

t  Orychloride  of  Antimony,  2Sb3Cl3+9Sb*03,  470.92  2  eq.  sesquichlor.  +  1378.8 
9  eq.  sesquioxide.  =  1849.72  equiv.,  is  obtained  when  an  acid  solution  of  the  ses- 
quichloride is  thrown  into  a  large  quantity  of  water  and  the  precipitate  allowed  to 
subside.  It  has  been  lately  examined  by  Johnson,  sea  Edin.  PhUot.  Jour.  No. 
U,  and  Lond.  and  Edin.  Philo*.  Mag.  No.  40. 
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caap.iv.  are  of  a  similar  nature,  which  are  made  by  roasting  the  native 
sulphuret,  so  as  to  form  sulphurous  acid  and  sesquioxide  of  antimo- 
ny, and  then  vitrefying  the  oxide  together  with  undecumposed  ore, 
by  tneans  of  a  strong  heat.  The  product  will  of  course  differ  ac- 
cording as  more  or  less  of  the  sulphuret  escapes  oxidation  during 
the  process. 

Kermes  1127.  When  sesquisulphuret  of  antimony  is  boiled  in  a  solution 
mineral.  0f  p0lassa  or  80(ja>  a  liquid  is  obtained,  from  which  on  cooling  an 
orange-red  matter  called  kermes  mineral  is  deposited ;  and  on  neu- 
tralizing the  cold  solution  with  an  acid,  an  additional  quantity  of  a 
similar  substance,  the  golden  sulphuret*  of  the  Pharmacopoeia,  sub- 
sides. These  compounds  may  also  be  obtained  by  igniting  sesqui- 
sulphuret of  antimony  with  an  alkali  or  alkaline  carbonate,  aod 
treating  the  product  with  hot  water;  or  by  boiling  the  mineral  in  a 
solution  of  carbonate  of  soda  or  potassa.t 

1128.  Antimony  forms  brittle  alloys  with  the  malleable  metals. 
Alloys.      Gold  alloyed  with  tbVo  'ts  weight  of  antimony,  is  perfectly  brittle; 

and  even  the  fumes  of  antimony  in  the  vicinity  of  melted  gold  are 
sufficient  to  destroy  its  ductility.  With  potassium  and  sodium  it 
forms  while  brittle  compounds,  destructible  by  the  action  of  air  and 
water. 

T  An  alloy  with  lead  in  the  proportion  of  3  lead  to  1  antimony,  and 

njfpsa*  a  small  addition  of  copper,  is  used  for  printers'  types*  With 
lead  only,  a  while  and  rather  brittle  compound  is  formed,  used  for 
the  plates  upon  which  music  is  engraved.  With  iron  it  forms  a 
hard  whitish  alloy,  formerly  called  martial  regulus,  which  may  be 
obtained  by  fusing  two  parts  of  sulphuret  of  antimony  with  one  of 
iron  filings ;  a  scoria  consisting  chiefly  of  sulphuret  of  iron  is  formed ; 
and  the  fused  alloy  beneath  usually  presents  a  stellated  appearance 
in  consequence  of  its  crystallization.  This  star  was  much  admired 
by  the  alchymists,  who  considered  it  a  mysterious  guide  to  transmu- 
tation. With  tin,  antimony  constitutes  a  kind  of  pewter  t  a  term, 
however,  which  has  also  been  applied  to  some  other  alloys,  espe- 
cially that  of  lead  and  tin.  The  finest  pewter  consists  of  about  12 
parts  of  tin  and  1  of  anlimony,  with  a  small  addition  of  copper.  A 
good  white  metal,  used  for  teapots,  is  composed  of  100  tin,  8  anti- 
mony, 2  bismuth,  and  2  copper. 


*  Antimonii  sulphuretum  precipitatum,  U.  S.  P. 

t  Great  difference  of  opinion  has  long  existed  as  to  the  nature  of  kermes.  See 
Turner,  369. 

The  finest  kermes  is  obtained,  according  to  Cluzel,  from  a  mixture  of  4  parts  ol 
sulphuret  of  antimony,  90  of  crystallized  carbonate  of  soda,  and  1000  of  water. 
These  materials  are  boiled  for  half  or  thre^-quarters  of  an  hour;  the  hot  solution  is 
filtered  into  a  warm  vessel,  in  order  that  it  may  cool  slowly  ;  and  after  24  hours,  the 
deposite  is  collected  on  a  filter,  moderately  washed  with  cold  water,  and  dried  at  a 
temperature  of  70°  or  80°  F. 

Bisulphurct  of  Antimony,  2Sb+4S,  or  StwS4,  129.2  2  eq.  antim.  +  64.4  4  eq.  sulph. 
s=  193.6  equiv. 

Pertulphurct  of  Antimony,  2Sb+6S,  or  Sb-S:.,  129.2  2  eq.  aotim.+  80.5  6  eq.  sulph. 
as  209.7  equiv. 
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Uranium.  &>cu  V1- 

Symb.  U    Eq.  217 

1129.  This  metal  was  discovered  by  Klaproth  in  1789  •  in  a  min-  Uranium, 
eral  called  pitch-blende,  which  consists  of  protoxide  of  uranium  and 

wide  of  iron. 

The  metal  is  procured  by  heating  the  ore  to  redness,  digesting  its  Process, 
powder  in  pure  nitric  acid  diluted  with  3  or  4  parts  of  water  ;  lead 
and  copper  are  separated  by  hydrosulphuric  acid  gas;  the  solution 
is  concentrated  and  set  aside  when  nitrate  of  sesquioxide  of  uranium 
crystallizes  in  prisms  of  a  lemon  yellow  colour. 

1130.  The  properties  of  uranium  are  not  well  known;  its  sp.  gr.  Properties, 
is  9.t 

1131.  Protoxide  of  Uranium,  U+O,  U,  or  Uo,  217  1  eq.  uran.  Protoxide, 
■f  8  1  eq.  oxy.  =  225  equiv.,  is  of  a  dark  green  colour,  and  is  ob- 
tained by  decomposing  the  nitrate  of  the  sesquioxide  by  heat.    It  is 
exceedingly  infusible,  unites  with  acids,  forming  salts  of  a  green 

colour,  and  is  readily  oxidized  by  nitric  acid. 

The  protoxide  is  employed  in  the  arts  for  giving  a  black  colour  Use- 
to  porcelain. 

1132.  Sesquioxide  of  Uranium,  2U+30,  U,  or  U203,  434  2  eq.  Sesquiox- 
urau.     24  3  eq.  oxy.  =  458  equiv.,  is  of  a  yellow  colour,  and  1  e* 
most  of  its  salts  have  the  same.    It  combines  with  acids,  and  with 
alkaline  bases.    From  the  former  it  is  precipitated  as  a  yellow  hy- 
drate by  the  pure  alkalies. 

Cerium. 

1133.  This  metal  was  obtained  by  Hisinger  and  Berzelius,  from  Cerium; 
•  mineral  found  at  Bastnas  in  Sweden,  to  which  they  have  given  the  ore*' 
name  of  Cerite.X    It  is  also  contained  in  Allanite,  a  mineral  from 
Greenland,  first  distinguished  as  a  peculiar  species  by  Allan,  of 
Edinburgh     It  contains,  according  to  Thomson's  analysis,  about  40 

per  cent,  of  oxide  of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Children  succeeded 
m  fusing  it  by  the  aid  of  his  powerful  Voltaic  apparatus,  nnd  when 
intensely  heated  it  burned  with  a  vivid  flame,  and  was  partly  vol- 
atilized. 

1134.  The  attempts  of  Vauquelin  to  reduce  the  oxide  of  cerium  Vtuque- 
produced  only  a  small  metallic  globule,  not  larger  than  a  pin's  rimc^i1* 
head.   This  globule  was  not  acted  upon  by  any  of  the  simple  acids  ; 

but  it  was  dissolved,  though  slowly,  by  nitro-hydrochloric  acid. 

1135.  Protoxide  of  Cerium,  Ce+O,  Ce.orCeO,  46  1  eq.  cerium, 

r  8  1  eq.  oxy.  =  54  equiv.  This  oxide  is  a  white  powder,  inso- 
luble in  water,  forming  salts  with  acids,  all  of  which,  if  soluble, 


*  Named  after  the  new  planet,  discovered  in  that  rear  and 
'  Hue  h  hoi  z,  in  Mem.  Acad.  Sci.  of  Stockholm,  1622. 

I  The  name  Cerium  was  given  to  this  metal  from  the  planet  Ceres,  discovered 
»6o«Jt  tfo,  %Ame  period.   See  Nicholson's  Jour.  xii.  106. 

37 
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Ch»P.  iv.*  have  an  acid  reaction.  Heated  in  open  vessels,  it  absorbs  oxygen, 
and  is  converted  into  the  sesquioxide.  It  is  precipitated  as  a  white 
hydrate  by  pure  alkalies  ;  as  a  white  carbonate  by  alkaline  carbo- 
nates, but  is  redissolved  by  the  precipitant  in  excess ;  and  as  a  white 
oxalate  by  oxalate  of  ammonia. 

Se^iw.       1136.  Sesquioxide  of  Cerium,  2Ce+30,  Ce,  or  Ce'O3,  92  2  eq. 

,d€-  cerium,  -f-  24  3  eq.  oxy.  =  116  equiv.,  has  a  fawn  red  colour ;  it  is 
dissolved  by  several  of  the  acids,  but  is  a  weaker  base  than  the  pro- 
toxide. Digested  in  hydrochloric  acid,  chlorine  is  disengaged  and 
a  protochloride  results.  It  is  most  readily  extracted  from  cerite  by 
a  process  of  Laugier.* 

Bismuth. 

Symh.  Bi    Eq.  71 

Nativa.  1137.  This  metal  is  found  native;  combined  with  oxygen;  and 
with  arsenic  and  sulphur.  Native  Bismuth  occurs  crystallized  in 
octohedra  and  cubes,  and  in  addition  to  arsenic  generally  contains 
cobalt. 

1138.  Bismuth  has  a  reddish  white  colour,  and  is  composed  of 
broad  brilliant  plates  adhering  to  each  other.  Its  sp.  gr.  is  9.S22, 
but  is  increased  by  hammering.  It  breaks,  however,  under  the 
hammer,  and  hence  cannot  be  considered  as  malleable ;  nor  can  it 
be  drawn  out  into  wire.  The  bismuth  of  commerce  is  not  quite 
pure. 

1139.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at  476° 
F.,  and  it  forms  more  readily  than  most  other  metals,  distiuct  crys- 
tals by  slow  cooling. 

fOT     It  may  be  obtained  in  regular  crystals,  by  fusing  a  quantity  of  it 
obtaining   in  a  crucible,  and  allowing  it  to  cool  till  a  crust  is  formed  on  the 
crystals.    8urface  ;  lne  extremity  of  the  crucible  may  then  be  broken  off,  and 
the  fluid  metal  beneath  be  allowed  to  escape.    The  under  surface 
of  the  crust  will  be  found  beautifully  crystallized. 

1140.  When  bismuth  is  exposed  to  heat  and  air  it  oxidizes.  If 
the  heat  be  increased  by  directing  a  current  of  oxygen  upon  the 
metal,  it  burns  with  much  brilliancy,  and  produces  abundant  yellow 
fumes  of  protoxide.  It  is  readily  oxidized  and  dissolved  by  nitric 
acid. 

1141.  Protoxide  of  Bismuth,  Bi+O,  Bi,  or  BiO,  71  1  eq.  bism. 
+  8  1  eq.  oxy.  =  79  equiv.  This  compound  is  readily  prepared 
by  heating  to  redness  the  nitrate  or  subnitrate  of  protoxide  of  bis- 
muth. Its  colour  is  yellow ;  at  a  full  red  heat  it  is  fused  into  a 
brown  liquid,  which  on  cooling  becomes  a  yellow  transparent  glass 
of  sp.  gr.  8.211.  At  intense  temperatures  it  is  sublimed.  It  unites 
with  acids,  and  most  of  its  salts  are  white. 

1142.  When  nitrate  of  protoxide  of  bismuth,  either  in  solution 
or  in  crystals,  is  put  into  water,  a  copious  precipitate,  the  subnitrate, 
of  a  beautifully  white  colour,  subsides,  which  was  formerly  called 


*  For  which  sec  Turner'*  Chan.  362. 
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the  magistery  of  bismuth  and  pearl  white.    From  its  whiteness  it  is  Sect- 
sometimes  employed  as  a  paint  for  improving  the  complexion.* 

If  the  nitrate  with  which  it  is  made  contains  no  excess  of  acid,  white  ox- 
and  a  large  quantity  of  water  is  employed,  nearly  the  whole  of  the  id«- 
bismuth  is  separated  as  a  subnitrate,  White  oxide  of  the  Pharmaco- 
peia.   By  this  character  bismuth  may  be  both  distinguished  and 
separated  from  other  metals. 

1143.  Sesquioxide  of  Bismuth,  2Bi+30,  Bi,  or  Bi'O3,  142  2Se«iuiox. 

eq.  bism.  -f-  24  3  eq.  oxy.  =  166  equiv.  This  oxide  is  generated 
when  hydrate  of  potassa  is  fused  at  a  moderate  heat  with  protoxide 
of  bismuth  ;  but  the  best  mode  of  preparation  is  first  to  prepare  the 
protoxide  by  igniting  the  subnitrate,  and  then  gently  heating  it  for 
some  time  in  a  solution  of  chloride  of  potassa  or  soda.  After  wash- 
ing with  water,  any  unchanged  protoxide  is  dissolved  by  a  solution 
made  with  1  part  of  nitric  acid  (quite  free  from  nitrous  acid)  and  9 
of  water. 

1144.  As  thus  prepared,  sesquioxide  of  bismuth  is  a  heavy  powder  Properties, 
of  a  brown  colour,  with  little  disposition  to  unite  either  with  acids 

or  alkalies.  Heated  with  sulphuric  or  phosphoric  acid,  it  gives  off 
oxygen  gas,  and  with  hydrochloric  acid,  chlorine  is  evolved,  and  the 
protochloride  produced. t 

1145.  Chloride  of  Bismuth,  Bi-f-Cl,  or  BiCl,  71  1  eq.  biam.+  Chkwide. 
35.42  1  eq.  chlor.  =  106.42  equiv.    When  bismuth  in  fine  Dowdef 

is  introduced  into  chlorine  gas,  it  takes  fire,  burns  with  a  pale  blue 
light,  and  is  converted  into  a  chloride,  formerly  termed  butter  of  bis- 
muth. It  may  be  prepared  conveniently  by  heating  two  parts  of 
corrosive  sublimate  with  one  of  bismuth,  and  afterwards  expelling 
the  excess  of  the  former,  together  with  the  metallic  mercury  by 
heat. 

1146.  Chloride  of  bismuth  is  of  a  grayish-white  colour,  opaque,  Properties 
and  of  a  granular  texture.    It  fuses  at  a  temperature  a  little  above 

that  at  which  the  metal  itself  is  liquefied,  and  bears  a  red  heat  in 
close  vessels  without  subliming. 

1147.  Bismuth  also  combines  with  bromine,  and  with  sulphur, 
the  sulphuret  is  found  native. 

Symb.  Ti  JBg.24.3 

1148.  Titaniam,  in  the  metallic  state,  was  discovered  by  WoHat»  pitBmryt 
ton  in  1822,  in  the  slag  at  the  bottom  of  an  iron  smelting-furnace  in 

South  Wales.$  It  has  been  since  found  in  several  other  places  in 
Europe.  It  has  the  form  of  small  smooth  cubes,  having  a  red  col- 
our exceedingly  similar  to  that  of  copper.  The  cubes  are  hard 
enough  to  scratch  rock  crystal,  and  cannot  be  fused  by  the  highest 
temperature  which  can  be  raised  by  the  blow-pipe.   The  sp.  gr.  is 


*  If  a  small  portion  of  hydrochloric  acid  be  mixed  with  the  nitric,  and  the  preci- 
pitate be  washed  with  but  a  small  quantity  of  cold  water,  it  will  appear  iu  minute 
acales,  constituting  the  pearl-powder  of  perfumers  j  but  it  is  an  inconvenient  pigment, 
owing  to  the  facility  with  which  it  is  blackened  by  hydrosulphuric  acid. 

t  An.  de  Ch.etde  Ph.  li.  267. 

*  Named  by  Klaproth  after  the  Titan*  of  ancient  fable.      f  PKUm.  Tram.  1823. 
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Titanium. 

|Cb*p.  iy.  5.3.*    It  does  not  appear,  however,  to  be  absolutely  free  from  iron. 

Wollaston  found  that  when  suspended  by  a  fine  thread  a  magnet 
drew  it  about  20  degrees  from  the  perpendicular.  He  succeeded  in 
detecting  the  presence  of  iron  in  it,  and  calculated  the  amount  of 
that  metal  at       part  of  the  weight  of  the  titanium. t 

Prepared.  1 149.  Metallic  Titanium  may  be  obtained  by  putting  fragments 
of  recently  made  chloride  of  titanium  and  ammonia  into  a  glass  tube 
half  an  inch  wide  and  two  or  three  feet  long,  transmitting  through 
it  a  current  of  perfectly  dry  ammonia,  and,  when  atmospheric  air 
is  entirely  displaced,  applying  heat  until  the  glass  softens.  Com- 
plete decomposition  ensues,  nitrogen  gas  is  disengaged,  hydrochlo- 
rate  of  ammonia  sublimes,  and  metallic  titanium  is  left  in  the  state 
of  a  deep  blue-coloured  powder.  If  exposed  to  the  air  while  warm, 
is  apt  to  take  fire. 

q^A9  1150.  Oxide  of  Titanium,  (probably)  Ti+O,  or  TiO,24.3  1  eq. 

titan.  +8  1  eq.  oxy.  =  32.3  equiv.,  is  prepared  by  exposing  titanic 
acid  to  a  strong  heat  in  a  black  lead  crucible  ;  the  exterior  of  the 
mass  obtained  consists  of  metallic  titanium,  the  interior  is  supposed 
to  be  the  oxide.  It  may  be  formed  in  the  moist  way  by  acting  upon 
a  solution  of  titanic  acid  in  hydrochloric  acid  by  zinc  or  iron.  The 
titanic  acid  is  thrown  down  as  a  purple  powder,  but  cannot  be  col- 
lected. 

1 151.  Titanic  Acid,  or  Peroxide  of  Titanium,  Ti+20,  f  i ,  or  TiO1, 
24.3  1  eq.  titan.  +  16  2  eq.  oxy.  =  40.3  equiv.,  occurs  nearly  pure 
in  the  minerals  anatase  and  rutile;  it  exists  also  in  several  other 
minerals. 

It  may  be  obtained  from  rutile,  or  titaniferous  iron  exposed  in  a  porcelain 
tube  to  a  very  strong  red  heat  and  a  current  of  hydrosulpliuric  acid  gas,  which  give* 
rise  to  water  and  sulpburet  of  iron.  When  the  water  ceaaea  to  appear,  the  mass 
is  removed  and  digested  in  hydrochloric  acid  to  remove  the  iron,  and  the  titanic 
acid  is  separated  from  adhering  sulphur  by  heat. J 

Properties.  1152.  Titanic  acid  is  quite  white,  exceedingly  infusible  and  diffi- 
cult of  reduction  ;  after  being  once  ignited  it  ceases  to  be  soluble  in 
acids,  except  in  the  hydrofluoric.  In  its  chemical  relations  it  is  ana- 
logous to  silicic  acid,  being  a  feeble  acid,  but  combining  with  metal- 
lic oxides.  In  the  state  of  hydrate,  it  has  a  singular  tendency  to 
pass  through  the  pores  of  a  filter  when  washed  with  pure  water ;  but 
the  presence  of  a  little  acid,  alkali,  or  a  salt,  prevents  this  inconve- 
nience. 

Solubility,  ^  previously  ignited  with  carbonate  of  potassa,  titanic  acid 

&c.  1  is  soluble  in  dilute  hydrochloric  acid  ;  but  it  is  retained  in  solution 
by  so  feeble  an  attraction,  that  it  is  precipitated  merely  by  boiling.  It 
is  likewise  thrown  down  by  the  pure  and  carbonated  alkalies,  both 
fixed  and  volatile.  A  solution  of  gall-nuts  causes  an  orange-red  co- 
lour, which  is  very  characteristic  of  titanic  acid.  When  a  rod  of 
zinc  is  suspended  in  the  solution,  a  purple-coloured  powder,  probably 
the  oxide,  is  precipitated,  which  is  gradually  converted  into  titanic 
acid. 


•  From  the  extreme  infusibility  of  the  cubes  of  metallic  titanium,  Wollaston  infers 
that  they  have  not  been  formed  hy  crystallization  in  cooling  from  a  state  of  fusion  ; 
but  from  the  reduction  of  the  oxide  dissolved  in  the  slag  around  ' 

t  PhU.  Trans,  p.  200.    Thomson's  jF\r«*  Princip.  2.  80. 

t  Rose,  An.  de  Ch.  et  de  Ph.  xxiii.  and  xxiviii.  131. 
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1154.  Bichloride  of  Titanium.    Ti+2C1,  or  TiCF,  24.3  1  eg.  s^cuvr. 
titan,       70.S4  2  eq.  chlor.  =  95.14  equiv.    This  substance  was  Bichloride, 
discovered  in  the  year  1824  by  transmitting  dry  chlorine  gas  over 
metallic  titanium  at  a  red  heat. 

1155.  At  common  temperatures  it  is  a  transparent  colourless  fluid  Properties, 
of  considerable  specific  gravity,  boils  violently  at  a  temperature  a 

little  above  212°,  and  condenses  again  without  change.  Dumas  has 
shown  that  the  density  of  its  vapour  may  be  estimated  at  6.615.  In 
open  vessels  it  is  attacked  by  the  moisture  of  the  atmosphere,  and 
emits  dense  white  fumes  of  a  pungent  odour  similar  to  that  of  chlo- 
rine, but  not  so  offensive.  On  adding  a  few  drops  of  water  to  a  few 
drops  of  the  liquid,  combination  ensues  with  almost  explosive  vio- 
lence, from  the  evolution  of  intense  heat ;  and  if  the  water  is  not  in 
excess  a  solid  hydrate  is  obtained.  On  exposure,  and  on  adding 
water,  the  greater  part  is  dissolved. 

Tellurium. 

Symb.  Te      Equit.  64.2 

1156.  Tellurium  is  a  rare  metal,  found  in  the  gold  mines  of  Tran-  DiscoYery. 
sylvania,and  in  Connecticut,  U.  S.,#  in  small  quantity.  Its  existence 

was  inferred  by  Miiller  in  the  year  1782,  and  fully  established  in 
179S  by  Klaproth,  who  gave  it  the  name  of  tellurium,  from  tellus, 
the  earth,  suggested  by  the  source  from  which  he  drew  the  name  of 
uranium. t  It  occurs  in  the  metallic  state,  chiefly  in  combination 
with  gold  and  silver. 

1157.  Tellurium  is  of  a  bright  gray  colour,  brittle,  easily  fusible,  Properties, 
and  very  volatile.    Its  specific  gravity  is  6.17. 

1158.  It  is  oxidized  when  heated  in  contact  with  the  air;  and  Oxide, 
burns  with  a  sky-blue  flame,  edged  with  green.    Upon  charcoal, 
before  the  blow-pipe,  it  inflames  with  a  violence  resembling  detona- 
tion;  exhibits  a  vivid  flame;  and  entirely  flies  off  in  a  gray  smoke, 
having  a  peculiarly  nauseous  smell. %    This  smoke,  when  condensed, 

and  examined  in  quantity,  is  found  to  be  white  with  a  tint  of  yellow. 
It  is  fusible  by  a  strong  heat,  and  volatile  at  still  higher  temperature. 

1159.  Tellurous  Acid.    Te+20,Te,  or  TeO*,  64.2  1  eq.  tellur. 

-j-  16  2  eq.  oxy.  =  80.2  equiv.  This  compound,  also  called  oxide  o/Tellurous 
tellurium,  is  generated  by  the  action  of  nitric  acid  on  tellurium,  by  ac*da 
which  acid  it  is  dissolved ;  but  the  solution  possesses  such  little  per- 
manence that  mere  affusion  of  water  precipitates  part  of  it,  and  the 
rest  is  obtained  by  evaporating  to  dryness.  In  this  state,  it  is  a 
white  granular  anhydrous  powder,  which  slowly  reddens  moist  lit- 
mus paper. 

1160.  Its  aqueous  solution  reddens  litmus  paper ;  it  becomes  tur- 
bid at  68°,  and  the  acid  which  falls  is  no  longer  soluble  in  acids.  Properties. 
In  these  properties  tellurous  acid  closely  resembles  the  titanic 

and  several  other  feeble  acids,  which  have  a  soluble  hydrated 
state  easily  convertible  into  an  insoluble  anhydrous  one.  Its 
salts  are  precipitated  black  by  hydrosulphuric  acid,  bisulphuret  of 
tellurium  being  formed.^ 

•  Amtr.  Jour.  i.  406.         t  Contribution*,  iii. 

:  Ascribed  by  BerzeUus  to  tbe  presence  of  selenium. 

S  Hydrolelluric  Acid.   Te+H,  or  TeH,  645  I  eq.  tellur.  +  1  I  eq.  hyd.  m  6*  2 
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Metalt— Copper. 
*v«  Copper. 

Symb.Cu      Equiv.  31.6 

1161.  This  metal  was  known  in  the  early  ages  of  the  world,  and 
was  the  principal  ingredient  in  domestic  utensils,  and  in  the  in«tru- 

Copper;  ments  of  war,  previous  to  the  discovery  of  malleable  iron.*  It  is 
Native  found  native,  and  in  various  states  of  combination.  Native  copper 
is  by  no  means  uncommon,  being  found  more  or  less  in  most  copper 
mines.  It  occurs  in  a  variety  of  forms;  massive,  dendritic,  granu- 
lar, and  crystallized  in  cubes,  octohedra,  &c.  It  is  found  in  Corn- 
wall, Siberia,  and  other  parts  of  Europe.  Large  masses  have  been 
found  in  various  parts  of  America ;  one  of  which,  about  30  miles  from 
Lake  Superior,  described  by  Schoolcraft,  weighs  by  estimation  2000 
Ibs.t  The  copper  of  commerce  is  extracted  chiefly  from  the  natife 
sulphure*. ;  especially  from  copper  pyrites,  a  double  sulphuret  of  iron 
and  copper. 

1162.  The  metal  may  be  obtained  by  dissolving  the  copper  of 
commerce  in  hydrochloric  acid  ;  the  solution  is  diluted  and  a  plate  of 
iron  immersed,  upon  which  the  copper  is  precipitated.  It  may  be 
fused  into  a  button,  after  having  been  previously  washed  in  dilate 
sulphuric  acid  to  separate  a  little  iron  that  adheres  to  it. 

1163.  Copper  has  a  fine  red  colour,  and  much  brilliancy;  it  U 
very  malleable  and  ductile,  and  has  a  peculiar  smell  when  wanned 
or  rubbed.  It  melts  at  a  cherry-red  or  dull  white  heat,  1996°  F. 
Its  sp.  gr.  varies,  being  increased  by  hammering ;  when  fused,  its 
density  is  8.895.  Under  a  flame  urged  by  oxygen  gas,  it  takes  fire, 
and  bums  with  a  beautiful  green  light. 

Action  of       1164.  Copper  is  oxidized  by  air.    This  may  be  shown  by  heating 

one  end  of  a  polished  bar  of  copper,  which  will  exhibit  various  shades 

of  colour,  according  to  the  intensity  of  the  heat. 

Combos-  h  burns  with  great  splendour  before  the  compound  blow-pipe, 
uon  of  cop-  Up0n  charcoa|. 

Ejp.  The  white-hot  globule  being  thrown  from  the  charcoal  into  a  tall 

jar  or  wide  tube  filled  with  water,  it  will  pass  in  full  ignition,  through 
a  column  of  the  fluid  two  feet  high,  and  will  remain  for  some 
time  ignited  on  the  bottom,  which  should  be  protected  by  a  layer  of 
sand-t 

Effect  of  A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes  covered 
heat.  i th  protoxide,  which  breaks  off  in  scales  when  the  copper  is  ham- 

mered. 

Equivalent.  1165.  From  the  experiments  of  Berzelius,  eight  parts  of  oxygen 
unite  with  31.6  parts  of  copper  to  constitute  the  black  oxide,  tnd 
therefore  if  this  oxide  be  formed  of  an  atom  of  oxygen  united  with 
an  atom  of  copper  the  eq.  of  this  metal  will  be  31.6.  This  is  adopted 


equiv.    By  acting  on  in  alloy  of  tellurium  with  zinc  or  tin.  by 
discovered  this  gas  in  1S0«.    It  ha*  the  properties  of  a  feeble  a 

Telluric  Acid.  Te+30.  Te,  or  TeO*,  64  2  I  cq.  tellor.  +  24  3  eq.  oxy.  as  £8  2  eoei« 
For  other  compounds  of  tellurium  see  Turner,  368.  See  also  Berzelius  on  Telluric*. 
in  Ann  da  Mine;  v.  381,  and  Amer.  Jour,  xxvni.  137. 

*  The  word  copper  is  derived  from  the  island  of  Cyprtu,  where  it  was  first 
by  the  Greeks. 

t  Stromeyer  has  lately  discovered  it  in  several  specimens  of  meteoric  iron,  not 

quantity  not  exceeding  TjAn  of  the  max*.   See  other  localities  in 
neroloyy,  p.  664,  and  J.  D.  Dana'e  System.  1 1 
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by  many  chemists,  others  regard  it  as  a  binoxide,  and  the  red  as  the   &>ct.  vi. 
protoxide,  and  take  twice  31.6,  or  63.2,  as  the  eq.  of  copper. 

1166.  Red,  or  Dioxide  of  Copper,  2Cu+0,  or  CiA>,  63.2  2  eq.  Red  oxide, 
copper  +  8  1  eq.  oxy.  =  71.2  equiv.,  occurs  native  in  the  form  of 
octohedral  crystals,  and  is  found  of  peculiar  beauty  in  the  mines  of 
Cornwall.    It  may  be  prepared  artificially  by  healing,  in  o  covered 
crucible,  a  mixture  of  31.6  parts  of  copper  filings  with  39.6  of  the 

black  oxide ;  or,  still  better,  by  arranging  thin  copper  plates  one 
above  the  other,  with  interposed  strata  of  the  black  oxide,  and  ex- 
posing them  to  a  red  heat  carefully  protected  from  the  air.  Another 
method  is  by  boiling  a  solution  of  acetate  of  protoxide  of  copper 
with  sugar,  when  the  dioxide  subsides  as  a  red  powder  ;  and  another 
is  to  fuse  at  a  low  red  heat  the  dicbloride  of  copper  with  about  en 
equal  weight  of  carbonate  or  bicarbonate  of  soda,  subsequently  dis- 
solving the  sea-salt  by  water,  and  drying  the  red  powder.* 
In  this  case,  by  an  interchange  of  elements, 

1  eq.  dichloride  of  copper  2Cu-}-Cl  2        1  eq.  red  oxide     .    .    2Cu4-0  Th*nrv 
and  1  eq.  soda  Na+O  .2  and  1  eq.  chloride  of  sodium  Na-f  C!  iDeory' 

1167.  The  red  or  dioxide  of  copper  has  a  density  of  6.093,  and  in  properties, 
colour  is  very  similar  to  copper.    At  a  red  heat  it  absorbs  oxygen, 

and  is  converted  into  the  protoxide.    Dilute  acids  act  on  it  very 
slowly ;  resolving  it  into  metal  and  a  protoxide. 

1168.  With  strong  nitric  acid  it  is  oxidized,  binoxide  of  nitrogen  Action  of 
escapes,  and  a  nitrate  of  the  black  oxide  is  formed.    Strong  hydro-  acids, 
chloric  acid  forms  with  it  a  colourless  solution.    The  red  oxide  of 
copper  is  soluble  in  ammonia,  and  the  solution  is  quite  colourless  ; 

but  it  becomes  blue  with  surprising  rapidity  by  free  exposure  to  air, 
owing  to  the  formation  of  the  black  oxide. 

Put  a  small  quantity  of  this  oxide  into  a  small  bottle,  nearly  full  of  water  of  „ 
ammonia,  and  shake  it  frequently,  the  solution  will  have  a  rich  blue  colour.    If  xp" 
a  quantity  of  copper  filings  be  added  and  the  bottle  well  closed  so  as  completely 
to  exclude  the  air,  the  solution  will  become  colourless  in  a  few  days.    If  the  cork 
be  withdrawn,  the  blue  colour  will  again  return  as  oxygen  is  absorbed. 

1169.  Black  or  Protoxide.    Cu+O,  Cu,  or  CuO,  31.6  1  eq.  cop.  Black 
-f  8  1  eq.  oxy.  =  39.6  equiv.    This  oxide  of  copper  occurs  na- 
tive, by  the  spontaneous  oxidation  of  other  ores  of  copper ;  it  is  the 
copper  black  of  mineralogy. 

1170.  It  may  be  prepared  artificially  by  calcining  metallic  copper,  Artificial, 
by  precipitation  from  the  salts  of  copper  by  means  of  pure  potassa, 

and  by  heating  nitrate  of  copper  to  redness. 

1171.  It  varies  in  colour  from  a  dark  brown  to  a  bluish-black,  ac-  Properties, 
cording  to  the  mode  of  formation,  and  its  density  is  6.401.  It  under- 
goes no  change  by  heat  alone,  but  is  readily  reduced  to  the  metallic 

state  by  heat  and  combustible  matter.  It  is  insoluble  in  water.  It 
combines  with  nearly  all  the  acids,  and  most  of  its  salts  have  a  green 
or  blue  tint.  With  ammonia,  it  forms  a  deep  blue  solution,  by 
which  it  is  distinguished  from  all  other  substances. 

♦The  following  process  is  recommended  by  Malaguti :  100  parts  of  sulphate  of  cop-  M»iiprt'i 
per  and  57  of  carbonate  of  soda,  both  in  crystals,  are  fused  with  a  gentle  heat ;  and  the  proc'"" 
mass  left,  when  all  water  is  expelled,  is  pulverized  and  mixed  with  25  parts  of  copper 
filings.    The  mixture  is  pressed  into  a  crucible  and  exposed  for  twenty  minutes  to  a 
white  heat.    The  result  is  again  pulverized  and  washed.   Ann.  de  Chim.  ti  de  Phy$. 
liv.  216. 


Digitized  by  Google 


296  Metals — Copper. 

chap,  iv.  1172.  Its  salts  are  distinguished  from  most  substances  by  their 
Salts recog- colour,  and  are  easily  recognised  by  reagents.  Pure  ammonia 
throws  down  the  disulphate  when  carefully  added ;  but  an  excess  of 
the  alkali  instantly  redissolves  the  precipitate,  and  forms  a  deep  blue 
solution.  Alkaline  carbonates  cause  a  bluish-green  precipitate.  It 
is  precipitated  as  a  dark  brown  sulphuret  by  hydrosulphuric  acid, 
and  as  a  reddish-brown  ferrocyanuret  by  ferrocyanuret  of  potassium. 

1173.  It  is  thrown  down  of  a  yellowish  white  colour  by  albumen, 
and  Orfila  has  proved  that  this  compound  is  inert,  so  that  albumen 
is  an  antidote  to  poisoning  by  copper.* 
Metal sepa-     *17^*  Copper  is  separated  in  the  metallic  state  by  a  rod  of  iron  or 
rated.       zinc.    The  copper  thus  obtained,  after  being  digested  in  a  dilute  so- 
lution of  hydrochloric  acid,  is  almost  chemically  pure. 
Detected.      1 175.  The  best  mode  of  detecting  copper,  when  supposed  to  be 
present  in  mixed  fluids,  is  by  hydrosulphuric  acid.    The  sulphuret, 
after  being  collected,  and  heated  to  redness  in  order  to  char  organic 
matter,  should  be  placed  on  a  niece  of  porcelain,  aud  be  digested  in 
a  few  drops  of  nitric  acid.    Sulphate  of  protoxide  of  copper  is  formed, 
which,  when  evaporated  to  dryness,  strikes  the  characteristic  deep 
blue  tint  ou  the  addition  of  ammonia. t 
Dichloride.     1176.  Dichloride  of  Copper.    2Cu+Cl,  or  Cu2Cl,  63.2  2  eq. 

copper  -f-  35.42  I  eq.  chlor.  =  98.62  equiv.  When  copper  filings 
are  introduced  into  an  atmosphere  of  chlorine  gas,  the  metal  takes 
fire  spontaneously,  and  both  the  chlorides  are  generated.  The  di- 
chloride may  be  conveniently  prepared  by  heating  copper  filings  with 
twice  their  weight  of  corrosive  sublimate.  It  is  slowly  deposited  in 
crystalline  grains,  when  the  green  solution  of  protochloride  of  copper 
is  kept  in  a  corked  bottle  in  contact  with  metallic  copper. 
Properties.  1 177.  The  dichloride  of  copper  is  fusible  at  a  heat  just  below  red- 
ness, and  bears  a  red  heat  in  close  vessels  without  subliming.  It  is 
insoluble  in  water,  but  dissolves  in  hydrochloric  acid.  Its  colour  va- 
ries with  the  mode  of  preparation,  being  white,  yellow,  or  dark 
brown.  X 

Sulphuret*.  1178.  Stdphurets  of  Copper.  The  disulphuret,  2Cu+S,  orCu2S, 
63.2  2  eq.  copper  -f  16. 1  1  eq.  sulph.  =  79.3  equiv.,  is  a  natural 
production,  the  copper  glance  of  mineralogists,  and  in  combination 
with  protosulphuret  of  iron,  it  is  a  constituent  of  variegated  copper 
ore.? 

Disulphu-  H79.  It  is  formed  by  heating  copper  filings  with  a  third  of  their 
ret  formed,  weight  of  sulphur;  when  the  sulphur  is  raised  a  little  above  its  melt- 


♦  Superoxide  of  Copper.  Cu+20,  Cu,  or  CuO7,  31.6  t  eq.  cop.  +  16  2  eq.  oxy.  = 
47.6  equiv. 

t  The  action  of  ammonia  may  l>e  taken  advantage  of  in  cleaning  (or  colouring,  as 
it  is  termed  by  jewellers)  gold  trinkets,  such  as  chains,  &c.  which  are  often  made  of  a 
rory  inferior  alfoy.  Artists  make  use  of  weak  nitric  acid,  or  nf  the  materials  from 
which  the  acid  is  produced,  and  which  often  dostroys  the  finer  kinds  of  workmanship 
by  dissolving  the  copper  of  the  alloy  to  some  depth  on  the  surface ;  the  gold  not  * 
acted  upon,  the  trinket  appears  as  it  newly  gilded.  Boiling  in  ammonia  is  a  safe 
stitute  for  this  process,  and  the  operation  may  be  performed  by  any  person 
the  assistance  of  the  artist,    brewster's  Jour.  i.  76  ;  Bost.  Jour.  ii.  206. 

X  Protochloride  of  Copper.    Cu-fCl,  31.6  1  eq.  copper  +  35.42  1  eq.  chlor. 


t  For  an  outline  of  the  process  of  reducing  the  ores  of  copper,  see  Brande,  ii.  67, 
and  Vivian,  in  jinn.  Philos.  N.  S.  v.  113. 
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ing  point,  combustion  suddenly  pervades  the  whole  mass.    The  ex-  Sect,  vi. 
periment  succeeds  equally  well  in  vacuo  or  in  azote.  U.  370.  Copper 
leaf  burns  in  gaseous  sulphur  as  brilliantly  as  iron  wire  in  oxygen 


1180.  Many  of  the  alloys  of  copper  are  important.    With  gold  it  ^uoy,, 
forms  a  fine  yellow  ductile  compound,  used  for  coin  and  ornamental 
work.    With  silver  it  forms  a  white  compound,  used  for  plate  and 

coin  J   Lead  and  copper  require  a  high  red  heat  for  union  ;  the  alloy 
is  gray  and  brittle. 

Of  the  alloys  of  copper  with  the  metals  already  described  the  most 
important  are  brass  and  bell-metal.  It  forms  white  compounds  with 
potassium  and  sodium  ;  a  reddish  alloy  with  manganese ;  and  a 
gray  one  with  iron. 

1181.  Brass  is  an  alloy  of  copper  and  zinc.  The  metals  are  usu-  Bran, 
ally  united  by  mixing  granulated  copper  with  calamine  (1004)  and 
charcoal :  the  mixture  is  exposed  to  heat  sufficient  to  reduce  the 
calamine  and  melt  the  elloy,  which  is  then  cast  into  plates.  The 
relative  proportions  of  the  two  metals  vary  in  the  different  kinds  of 
brass  ;  the  best  brass  consists  of  four  parts  copper  to  one  of  zinc. 
This  alloy  is  malleable  and  ductile  when  cold  ;  and  its  colour  and 
little  liability  10  rust,  recommend  it  in  preference  to  copper  for  many 
purposes  of  the  arts.t 

1182.  Tutenag  is  said  to  be  an  alloy  of  copper,  zinc,  and  a  little  Tatenag, 
iron  ;  and  Tombac,  Dutch  gold,  Similor,  Prince  Rupert'*  metal  and  pinchbeck, 
Pinchbeck,  are  alloys,  containing  more  copper  than  exists  in  brass, 

and  consequently  made  by  fusing  various  proportions  of  copper  with 
brass.  According  to  Wiegleb,  Manheim  gold  consists  of  three  parts 
of  copper  and  one  of  zinc.  A  little  tin  is  sometimes  added,  which, 
though  it  may  improve  the  colour,  impairs  the  malleability  of  the 
alloy,  y 

1183.  Bell-metal  and  bronze  are  alloys  of  copper  and  tin  ;  ^Jtfgfjj 
are  harder  and  more  fusible,  but  less  malleable  than  copper.  The  M  roMe* 
best  bell-metal  is  composed  of  three  parts  copper  and  one  of  tin  ;  the 

Indian  gong,  celebrated  for  the  richness  of  its  tones,  contains  copper 
and  tin  in  this  proportion.  A  little  zinc  is  added  to  small  shrill  bells. 
Bronze  consists  of  from  8  to  12  of  tin  with  100  of  copper. 

11S4.    Dalton  finds  that  into  all  the  alloys  of  copper  which  are  Alloys 
characterized  by  useful  properties,  the  ingredients  enter  in  atomic  J 
proportions  ;  and  it  is  probable  that  by  attention  to  these  proportions, 
the  manufacture  of  the  artificial  alloys  may  be  greatly  improved. 


*  Berzelius,  Ann  de  Chim.  Sec  also  Vauquelin  on  Sulphurets  of  Copper,  Ixxx.  255. 
t  See  Gold  and  Silver. 

t  According  to  Sage,  a  very  beautiful  brass  may  be  made  by  mixing  50  grains  of  ox- 
ide of  copper,  100  of  calamine,  400  of  black  flux,  and  30  of  charcoal  powder;  melt 
these  in  a  crucible  till  the  blue  flame  is  no  longer  seen  round  the  cover;  and,  when 
cold,  a  button  of  brass  is  found  at  the  bottom,  of  a  golden  colour,  and  weighing  one 
sixth  more  than  the  pure  copper  obtained  from  the  above  quantity  of  oxide. 

§  An  alloy,  which,  from  the  resemblance  it  has  in  colour  to  gold,  is  called  Mosaic 
gold,  has  been  latelvr  prepared  from  equal  parts  of  copper  and  zinc  melted  at  the  lowest 
temperature  at  which  copper  will  fuse. 

Speculum  metal  is  an  alloy  of  copper  and  tin,  with  a  little  arsenic;  about  6  copper, 
2  tin,  1  arsenic.  On  this  subject  the  reader  is  referred  to  Edwards's  experiments. 
Nicholson's  Jour.  4 to.  iii. 
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iv-      1186.  Vessels  of  copper  used  for  culinary  purposes  are  usually 

coated  with  tin,  to  prevent  the  food  being  contaminated  with  copper. 
Their  interior  surface  is  first  cleaned,  then  rubbed  over  with  sal- 
ammoniac  to  prevent  oxidation  ;  the  vessel  is  healed,  a  little  pitch 
or  rosin  spread  over  the  surface,  and  a  bit  of  tin  rubbed  over  it, 
which  instantly  unites  with  and  covers  the  copper.* 

Lead. 

Symb.  Pb  Equiv.  103.6 
1186.  Lead  appears  to  have  been  known  in  the  earliest  ages  of  the 
world.  The  natural  compounds  of  this  metal  are  very  numerous. 
The  most  important  is  the  sulphuret,  or  galena,  from  which  the  pore 
metal  is  chiefly  procured.  Lead  is  also  found  combined  with  vari- 
ous acids,  with  oxygen,  chlorine,  &c. 

Tochl^d       1,87  To  oblain  lead  Pe'k^'y  Pure'  Berzelius  dissolved  it  in  ni- 
por*      '  trie  acid,  and  crystallized  the  salt  several  times,  till  the  mother  liquor, 
on  adding  carbonate  of  ammonia,  gave  no  traces  of  copper.  The 

Sure  uitrate  of  lead,  mixed  with  charcoal,  was  strongly  heated  in  a 
[essian  crucible;  and  the  lead,  which  separated,  was  kept  for  some 
time  in  fusion,  in  order  to  free  it  entirely  from  charcoal.  The  lead, 
thus  obtained,  when  re-dissolved  in  nitric  acid,  gave  no  trace  of  any 
other  metal. 

Properties.  1188.  Its  colour  is  bluish-white ;  it  is  soft,  flexible,  malleable 
and  ductile.  It  melts  at  about  612°  and  by  slow  cooling  may  be  ob- 
tained in  octohedral  crystals.  Its  sp.  gr.  is  11.352.  At  high  tempe- 
ratures it  absorbs  oxygen,  and  when  in  fusion  a  gray  film  is  formed 
on  its  surface,  which  is  a  mixture  of  metallic  lead  and  protoxide; 
by  increasing  the  heat  it  is  dissipated  in  fumes  of  the  protoxide. 

Action  of       1J89.  Lea<l  undergoes  no  change  in  distilled  water  in  close  ves- 

w*w'  sels,  but  in  open  vessels  is  oxidized  ;  the  oxide  combines  also  with 
carbonic  acid  present  in  the  air.  The  presence  of  saline  matter  ia 
the  water  retards  the  oxidation,  and  some  salts,  even  in  minute  quan- 
tity, prevent  it  altogether.  Many  kinds  of  spring  water,  owing  to 
the  salts  which  they  contain,  do  not  corrode  lead.t 

Of  adds.  1 190.  Lead  is  not  attacked  by  hydrochloric,  or  the  vegetable  acids, 
though  their  presence  often  accelerates  the  absorption  of  oxygen. 
The  only  proper  solvent  for  lead  is  nitric  acid  ;  it  oxidizes  it  and 
forms  a  salt  of  the  protoxide. 

1 191.  Protoxide  of  Lead.  Pb+O,  Pb,  or  PbO,  103.6  1  eq.  lead  + 
8  1  eq.  oxy.  =  111.6  equiv.,  is  prepared  on  a  large  scale  by  collect- 
ing the  gray  film  which  forms  on  the  surface  of  melted  lead,  and 
exposing  it  to  heat  and  air  until  it  acquires  a  uniform  yellow  colour. 
In  this  state  it  is  the  massicot  of  commerce  ;  and  when  partially  fused 


*  The  oxidation  of  copper  plates  ia  a  matter  of  very  great  importance  io  the  arts, 
and  in  the  case  of  great  and  expeneive  works  where  few  impressions  of  an  engraving 
are  taken  and  the  plates  laid  aside  for  a  considerable  length  of  time,  a  serious  injur? 
Io  the  plates  U  sustained  by  the  necessity  of  cleaning  them  from  oxide,  when  they  are 
to  be  again  used.  This  may  tie  prevented  by  varnishing  the  platea  with  common  lac 
varnish,  which  can  easily  he  removed,  when  requisite,  by  apirita  of  wiue.  Brewster's 
Jour.  i.  76  ;  Boat.  Jour.  ii.  206. 

For  method  of  analysis  of  these  alloys,  see  Brande,  xi.  74 ;  and  for  other  detail* 
Thomson's  System— Inorganic  Bodies,  i.  601  ;  Dumas'  TraiU  de  Chim.  iu.  60S. 

t  Sm  this  subject  discussed  in  Chhauaon'i  Treatise  on  Pouom. 
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the  terra  Ktharge  is  applied  to  it.  As  thus  procured  it  is  al- 
ways  mixed  with  red  oxide.  It  may  be  obtained  pure  by  adding 
ammonia  to  a  cold  solution  of  nitrate  of  protoxide  of  lend  until  it  is 
faintly  alkaline,  washing  the  precipitated  subnitrate  with  cold  water, 
and,  when  dry,  heating  it  to  redness  for  an  hour  in  a  platinum  cru- 
cible. An  open  fire  should  be  used,  and  great  care  taken  to  prevent 
combustible  matter  in  any  form  from  contact  with  the  oxide. 

1192.  Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon-  Proptrtks. 
yellow  colour  when  cold,  is  insoluble  in  water,  fuses  at  a  bright  red 

heat,  and  is  fixed  and  unchangeable  in  the  fire.  Its  sp.  gr.  is 
9.4214.  The  fused  protoxide  has  a  highly  foliated  texture,  and  is 
very  tough,  so  as  to  be  pulverized  with  difficulty.  By  transmitted 
light  it  is  yellow ;  but  by  reflected  light  it  appears  green  in  some 
parts  and  yellow  in  others.  Heated  with  combustible  matters,  the 
protoxide  parts  with  oxygen  and  is  reduced.  It  unites  with  acids, 
and  is  the  base  of  all  the  salts  of  lead,  most  of  which  are  of  a  white 
colour. 

1193.  Protoxide  of  lead  is  precipitated  from  its  solutions  by  pure 
alkalies,  as  a  white  hydrate,  which  is  redissolved  by  potassa  in  ex- 
cess ;  as  a  white  carbonate,  which  is  the  well  known  pigment  white  White  lead. 
lead,  by  alkaline  carbonates  ;  as  a  white  sulphate  by  soluble  sul- 
phates ;  as  a  dark  brown  sulphuret  by  hydrosulphuric  acid  ;  and  as 
yellow  iodide  of  lead  by  hydriodic  acid  or  iodide  of  potassium.* 

The  best  method  of  detecting  the  presence  of  lead  in  wine  or  other  Qj. 
suspected  mixed  fluids  is  by  means  of  hydrosulphuric  acid.t    (Fig.  Lead. 

1194.  Protoxide  of  lead  unites  readily  with  earthy  substances, 
forming  with  them  a  transparent-  colourless  glass,  and  is  much  em- u?i°nof|*b 
ployed  for  glazing  earthenware  and  porcelain.    It  enters  in  large  bodies, 
quantity  into  the  composition  of  flint  glass, t  which  it  renders  more 
fusible,  transparent,  and  uniform. 

1195.  Lead  is  separated  from  its  salts  in  the  metallic  state  by  iron  separated, 
or  zinc.    The  best  way  of  demonstrating  this  fact  is  by  dissolving  in 

a  tall  jar  or  bottle  I  part  of  acetate  of  protoxide  of  lead  in  24  of  water, 
and  suspend intr  a  piece  of  zinc  in  the  solution  by  means  of  a  thread. 
The  lead  is  deposited  upon  the  zinc  in  a  peculiar  arborescent  form, 
giving*  rise  to  the  appearance  called  arbor  Satumi.fy 

1196.  Red  Oxide  of  Lead.   3Pb+40,  or  2PbO+PbO*,  310.8  3  Red  oxide, 
eq.  lead  +  32  4  eq.  oxy.,  or  223.2  2  eq.  protox.  -(-  119.6  1  eq.  perox. ori 
=  342.8  equiv.    This  compound,  the  minium  of  commerce,  is  em- 
ployed as  a  pigment,  and  in  the  manufacture  of  flint  gh 


♦With  regard  to  the  poisonous  property  of  the  salts  of  lead,  the  carbonate  is  by  far 
the  most  virulent  poison.  Any  salt  of  lead  which  is  easily  convertible  into  the  carbo- 
Bate,  as  for  instance  the  subacetate,  is  also  poisonous.  Acetate  of  protoxide  of  lead, 
mixed  with  vinegar  to  prevent  the  formation  of  any  carbonate,  maybe  freely  and  safely 
administered  in  medical  practice.    (Dr  A.  T.  Thomson.) 

t  The  sulphuret  of  lend,  after  being  collected  on  a  61ter  and  washed,  is  to  be  digest- 
ed in  nitric  acid  diluted  with  twice  its  weight  of  water,  until  the  dark  colour  ot  the 
sulphuret  disappears.  The  solution  of  the  nitrate  should  then  be  brought  to  perfect 
dryness  on  a  watch-glass,  in  order  to  expel  the  excess  of  nitric  arid,  and  the  residue 
be  redissolved  in  a  small  quantity  of  cold  water.  On  dropping  a  particle  of  iodide  of 
Mum  into  a  portion  of  this  liquid,  yellow  iodide  of  lead  will  instantly  appear. 

i  Hence  flint  glass  retorts  are  less  suitable  for  some  chemical  processes  than  those  of 
;iaas  without  lead ;  the  latter  are  also  less  fusible.  W. 

ipinoxid*  of  Lead.    aPb+O,  or  Pb*0, 807.8  8  eq.  lead  +  8  1  eq.  oxy.  =  8ti.t 
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Chap.  IV.      It  is  formed  by  oxidizing  lead  by  heat  and  air  without  allowing  it  to  fuse,  and 

then  exposing  it  in  open  vessels  to  a  temperature  of  600°  or  700°,  while  a  cur- 
rent of  air  plays  upon  its  surface.  It  slowly  absorbs  oxygen  and  is  converted 
into  minium. 

This  oxide  does  not  unite  with  acids.  When  heated  to  redness 
it  gives  off  pure  oxygen  gas,  and  is  reconverted  into  the  protoxide. 
When  digested  in  nitric  acid  it  is  resolved  into  protoxide  and  perox- 
ide of  lead,  the  former  of  which  unites  with  the  acid,  while  the  latter 
remains  as  an  insoluble  powder.  From  the  facility  with  which  this 
change  is  effected  even  by  acetic  acid,  most  chemists  consider  red  lead 
not  so  much  as  a  definite  cotnpound  of  lead  and  oxygen,  but  as  a  salt 
composed  of  the  protoxide  and  peroxide.* 

Peroxide.  U97.  Peroxide  of  Lead.  Pb+20,  Pb,  or  PbO',  103.6  1  eq.  lead 
+  16  2  eq.  oxy.  =  119.6  equiv.  This  oxide  may  be  obtained  by 
the  action  of  nitric  acid  on  minium,  as  just  mentioned  ;  by  fusing 
protoxide  of  lead  with  chlorate  of  potassa,  at  a  temperature  short  of 
redness,  and  removing  the  chloride  of  potassium  by  solution  in  water; 
and  by  transmitting  a  current  of  chlorine  gas  through  a  solution  of 
acetate  of  the  protoxide  of  lead.  The  chloride  formed  is  removed 
by  washing  with  warm  water. 

Properties.  1 198.  Peroxide  of  lead  is  of  a  puce  colour,  is  insoluble  in  water, 
and  is  resolved  by  strong  ox-acids,  such  as  the  sulphuric  and  nitric, 
into  a  salt  of  the  protoxide  and  oxygen  gas.  With  hydrochloric  acid 
it  yields  chlorine  gas  and  chloride  of  lead.  At  a  red  heat  it  emits 
oxygen  gas  and  is  converted  into  the  protoxide. 

Chloride.  1199.  Chloride  of  Lead.  Pb+CJ,  or  PbCl,  103.6  1  eq.  lead  -f 
35.42  1  eq.  chlor.  =  139.02  equiv.  This  compound,  sometimes 
called  hor?i  lead,  is  slowly  formed  .by  the  action  of  chlorine  gas  on 
thin  plates  of  lead,  and  may  be  obtained  more  easily  by  adding  hy- 
drochloric acid  or  a  solution  of  sea-salt  to  acetate  or  nitrate  of  oxide 
of  lend  dissolved  in  water.  This  chloride  dissolves  to  a  considerable 
extent  in  hot  water,  especially  when  acidulated  with  hydrochloric 
acid,  and  separates  on  cooling  in  small  acicular  anhydrous  crystals 
of  a  white  colour.  It  fuses  at  a  temperature  below  redness,  and 
forms  as  it  cools  a  semi-transparent  mass,  which  has  a  density  of 
5.133.t 

Alloys.         1200.  Alloys  of  Lead.    The  most  important  are  those  with  tin. 

Common  pewter  consists  of  about  80  parts  of  tin  and  20  of  lead. 

Solders.  Fine  solder  consists  of  2  parts  of  tin  and  1  of  lead  ;  it  fuses  at  about 
360°,  and  is  much  employed  in  tinning  copper.  Coarse  solder  con- 
tains one  fourth  of  tin,  fuses  at  about  500°,  and  is  used  by  plumbers. 
Pot  metal  is  an  alloy  of  lead  and  copper. 

1201.  If  lead  be  heated  so  as  to  boil  and  smoke,  it  soon  dissolves 
pieces  of  copper  thrown  into  it;  the  mixture,  when  cold,  is  brittle. 
The  union  of  the  two  metals  is  remarkably  slight ;  for,  upon  expos- 
ing the  mass  to  a  heat  no  greater  than  that  in  which  lead  melts,  the 
lead  almost  entirely  runs  ofTby  itself.    This  process  is  called  eliqua- 

filiquation.  tion.    The  coarser  sorts  of  lead,  which  owe  their  brittleness  and  gra- 


*  This  was  long  considered  as  a  sesquioxide,  an  error  corrected  by  Dallon,  Sew 
System  of  Chem.  ii.il.  T. 

t  For  other  compounds  see  Turner's  Element*,  376. 
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nutated  texture  to  an  admixture  of  copper,  throw  it  up  to  the  sur-  s«a-  vn. 
face  on  being  melted  by  a  moderate  heat.* 


Section  VII.— Metals,  the  oxides  of  which  are  reduced  to  the  metal- 
lic state  by  a  red  heat. 

1202.  Mercury  or  Quicksilver,  Hg.  202  eq.,t  is  the  only  one  of  Mercury, 
the  metals  that  retains  a  fluid  form  at  the  ordinary  temperature  of 

the  atmosphere. 

The  principal  ore  of  this  metal  is  the  sulphuret,  or  native  cinria-  Ore. 
bar,  from  which  the  mercury  is  separated  by  distillation  with  quick- 
lime or  iron  filings. 

1203.  Mercury  is  a  brilliant  white  metal,  having  much  of  the  Boiling 
colour  of  silverf  whence  the  terms  hydrargyrum,  argentum  vivum,  P°,Dt- 
and  quicksilver.    It  has  been  known  front  very  remote  ages.  Ac- 
cording to  Crichton  it  boils  and  becomes  vapour  at  656°  F.,  680° 
according  to  Petit  and  Dulong,  670°  Brande,  and  662°  T. 

It  also  rises  in  vapour  in  small  portions  at  the  common  tempera- 
tare  of  the  atmosphere,  particularly  in  a  vacuum. 

1204.  When  the  temperature  of  mercury  is  considerably  increas-  Vapour, 
ed  above  its  boiling  point,  the  vapour  acquires  great  expansive  force, 

and  the  power  of  bursting  the  strongest  vessels.  Gay-Lussac  has 
calculated  that  the  vapour  of  mercury  is  12.01  more  dense  than 
oxygen  gas,  and  that  the  liquid  metal  in  becoming  gaseous,  increases 
in  volume  961  times. 

1205.  When  the  temperature  of  mercury  is  reduced  to  about  Freezing. 
—39°  or  40°  F.,  it  becomes  solid  and  malleable. 

By  congelation  it  acquires  an  increase  of  sp.  gr. ;  and,  therefore, 
unlike  other  metals,  the  congealed  portion  sinks  to  the  bottom  of  a 
fluid  mass  of  mercury.  Its  sp.  gr.  at  47°  above  0  F.  being  13.568, 
it  is  increased  by  congelation,  to  15.612. 

Mercury,  if  quite  pure,  is  not  tarnished  in  the  cold  by  exposure  to 
air  and  moisture ;  but  if  it  contain  other  metals,  the  amalgam  of 
those  metals  oxidizes  readily,  and  collects  a  film  upon  its  surface. 

1206.  Mercury  is  sometimes  adulterated  with  the  alloy  of  lead  Adultera- 
and  bismuth,  a  fraud  easily  detected  by  the  want  of  its  due  fluidity,  ^^.j1^ 
and  by  its  not  being  perfectly  volatile,  but  leaving  a  residuum  when 

boiled  in  a  platinum  or  iron  spoon. X 


*  Lead  combines  with  Iodine,  Fluorine,  &c.,  for  which  see  Turner,  Brande, 
Thomson  and  others.  t  Turner,  Phil.  Trans.,  1833,  part  ii. 

t  Mercury  which  is  chemical!/  impure  will  soon  acquire  adhesive  films  on  its  sur- 
face, even  when  cleansed  of  mechanical  impurities,  and  with  a  rapidity  dependent 
oa  the  agitation  of  the  metal  or  extension  of  surface.  These  interfere  chemically 
when  the  metal  is  to  be  used  in  forming  combinations,  and  mechanically  in  its  uses 
in  the  trough  in  electro  magnetic  experiments,  and  in  the  construction  of  barometers 
aod  thermometers. 

The  purification  of  mercury  from  metals  by  distillation  should  be  performed  in  an 
non  retort,  a  portion  of  clean  iron  and  copper  filings  having  been  introduced  with  the  pUnfi«d. 
mercury,  which  should  be  condensed  and  received  in  clean  water.  This  process, 
however,  is  not  wholly  unobjectionable,  as  both  zinc  and  arsenic  will  puss  over,  and 
these  metals  arc  often  present.  A  rery  useful  method  is  to  put  from  naif  an  inch  to 
■a  inch  in  depth  of  mercury,  into  a  large  earthenware  pan,  and  to  pour  over  it  sulph- 
aric  acid  diluted  with  twice  its  weight  of  water.  The  substances  should  be  left  to- 
gether for  a  week  or  two,  being  frequently  agitated.   The  metal  and  acid  art  then  to 
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Chap  iv.     1207.  The  only  acids  that  act  on  mercury  are  the  sulphuric  and 
Action  of  nitric,  the  former  requires  the  aid  of  heat  and  sulphurous  acid  is 
•cidt.       disengaged  (530) ;  the  latter  acts  at  all  temperatures  and  binoxide  of 
nitrogen  is  evolved  (455). 

Protoxide.      1208.  Protoxide  of  Mercury,  Hg+O,  Hg,  or  HgO,  202  1  eq. 

mere.  -(-8  1  eq.  oxy.  =210  equiv.  This  oxide  which  is  a  black 
powder,  insoluble  in  water,  is  best  prepared  by  the  process  recora* 
mended  by  Donovan.*  This  consists  in  mixing  calomel  briskly  in  a 
mortar  with  pure  potassa  in  excess,  so  as  to  effect  its  decomposition 
as  rapidly  as  possible  :  the  protoxide  is  then  washed  with  cold  water, 
and  dried  spontaneously  in  a  dark  place.  These  precautions  are 
rendered  necessary  by  the  tendency  of  the  protoxide  to  resolve  it- 
self into  the  peroxide  and  metallic  mercury,  a  change  which  is 
easily  effected  by  heat,  by  the  direct  solar  rays,  and  even  by  day- 
light. It  is  on  this  account  very  difficult  to  procure  protoxide  of 
mercury  in  a  state  of  absolute  purity. 

Properties.  1209.  It  is  a  black  powder,  insoluble  in  water,  uniting  with  acids, 
but  a  weak  alkaline  base.  The  alkalies  precipitate  it  from  solutions 
of  its  salts  as  the  black  protoxide. 

It  is  thrown  down  as  a  white  carbonate  by  alkaline  carbonates,  but 
soon  becomes  dark  from  loss  of  its  carbonic  acid ;  as  calomel  by 
hydrochloric  acid  or  any  soluble  chloride,  and  as  black  protosulphur- 
et  by  hydrosulphuric  acid ;  this  last  is  the  best  test  of  its  pres- 
ence. 

Peroxide,       1210.  Peroxide  of  Mercury,  Hg-f  20,  Hg,  or  HgO*,  202  1  eq. 
or  red  pre-  mere,  -f-  16  2  eq.  oxy.  =  218  equiv.    This  oxide  may  be  formed 
eipitate.     either  by  the  combined  agency  of  heat  and  air,  or  by  dissolving 
mercury  in  nitric  acid,  and  exposing  the  nitrate  so  formed  to  a 
temperature  just  sufficient  for  expelling  the  whole  of  the  nitric 
acid.t    It  is  commonly  known  by  the  name  of  red  precipitate.t 

1211.  When  prepared  by  heat  the  process  may  be  conducted  by  intro-  18*. 
ducing  into  a  flat-bottom  matrass,  (Fig.  162,)  about  4  ounces  of  mercury,  and 
placing  it  in  a  sand-bath,  heated  to  the  boiling  point  of  the  meul.  In  about 
a  month's  time  nearly  the  whole  is  converted  into  oxide.  Air  is  freely 
admitted  by  the  tube,  while  its  length  prevents  the  escape  of  mercurial 
vapour,  which  condenses  and  falls  back  into  the  body  of  the  vessel;  the 
remaining  portion  of  running  mercury  may  be  driven  off  by  exposing  it  A 
in  a  basin  to  a  heat  just  below  redness.  O 

jes.     1212.  Peroxide  of  mercury,  thus  prepared,  is  commonly  in  the 
form  of  shining  crystalline  scales  of  a  nearly  black  colour  while  hot, 


be  separated,  the  latter  preserved  for  a  similar  operation  in  future,  and  the  former 
washed,  dried  and  cleansed  mechanically,  by  squeezing  through  shamois  leather,  by 
agitation  with  damp  loaf  sugar,  passing  through  a  paper  funnel,  &c.— See  Faraday '• 


*  4nn.  of  Phil.  xiv. 

t  The  peroxide  prepared  from  the  nitrate  almost  always  contains  a  trace  of  nitric 
acid,  which  may  be  detected  by  heating  it  in  a  clean  glass  tube  by  means  of  a  spirit- 
lamp  -}  a  yellow  ring,  formed  of  stibnitrate  of  peroxide  ot  mercury,  collects  within  the 
tube  just  above  the  part  which  is  heated.  (Clarke.) 

X  Hydrargyri  oxidum  rubrum  of  the  Pharmacop.  In  the  manufacture  of  this  com- 
pound at  Apothecaries'  Hall  (Lond.)  100  Ihs.  of  mercury  are  boiled  with  48  lbs.  of 
nitric  acid  (sp.  gr.  1. 48)  and  by  proper  evaporation  and  application  of  a  dull 
112  lbs.  of  the  hydrargyri  nitrico  oxidum  are  obtained.  B. 
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bat  red  when  cold :  when  very  finely  levigated,  the  peroxide  has  Beet,  vh. 
an  orange  colour.    It  is  soluble  to  a  small  extent  in  water,  forming 
a  solution  which  has  an  acrid  metallic  taste,  and  is  poisonous. 
When  heated  to  redness,  it  is  converted  into  metallic  mercury  aud 
oxygen.    Long  exposure  to  light  has  a  similar  effect* 

1213.  Some  of  the  neutral  salts  of  this  oxide,  such  as  the  nitrate  Action  of 
and  sulphate,  are  converted  by  water,  especially  at  a  boiling  tern-  w,ler>  **• 
perature,  into  insoluble  yellow  subsalts,  leaving  a  strongly  acid  so- 
lution, in  which  a  little  of  the  original  salt  is  dissolved.    The  oxide 

is  separated  from  all  acids  as  a  red,  or  when  hydratic  as  a  yellow 
precipitate,  by  the  pure  and  carbonated  fixed  alkalies.  Ammonia 
and  its  carbonate  cause  a  white  precipitate,  which  is  a  double  salt, 
consisting  of  one  equivalent  of  the  acid,  one  equivalent  of  the  pe- 
roxide, and  one  equivalent  of  ammonia.  The  oxide  is  readily  re- 
duced to  the  metallic  state  by  metallic  copper. 

1214.  Protochloride  of  Mercury,  Hg-fCl,  or  HgCl,  202  1  eq.  Protochlo- 
merc.  +  35.42  1  eq.  chlor.  =  237.42  equiv.    This  compound,  com-J^01" ca|- 
monly  termed  ccdomel,  is  first  mentioned  by  Crollius,  early  in  the 
seventeenth  century.t 

1215.  It  is  always  generated  when  chlorine  comes  in  contact  with  Obtained, 
mercury  at  common  temperatures  ;  and  also  by  the  contact  of  me- 
tallic mercury  and  the  bichloride.    It  may  be  made  by  precipitation, 

by  mixing  nitrate  of  protoxide  of  mercury  in  solution  with  hydro- 
chloric acid  or  any  soluble  chloride.  It  is  more  commonly  prepared 
by  sublimation.  This  is  conveniently  done  by  mixing  272.84  parts 
or  one  equivalent  of  the  bichloride  with  202  pirts  or  one  equiva- 
lent of  mercury,  until  the  metallic  globules  entirely  disappear,  and 
then  subliming.  When  first  prepared  it  is  always  mixed  with 
some  corrosive  sublimate,  and,  therefore,  should  be  reduced  to 
powder  and  well  washed,  before  being  employed  for  chemical  or 
medical  purposes.! 

1216.  When  obtained  by  sublimation  it  is  in  semi-transparent; 
crystalline  cakes ;  but  as  formed  by  precipitation,  it  is  a  while  pow- 
der.   Its  density  is  7  2.    At  a  heat  short  of  redness,  but  higher 
than  the  subliming  point  of  the  bichloride,  it  rises  in  vapour  with- 
out previous  fusion  ;  but  during  the  sublimation  a  portion  is  always 


t  The  first  directions  for  its  preparation  are  given  by  Beguin,  in  the  Tyrocinium 
Qumicum,  published  in  1608.  He  calls  it  draco  miitgatus.  Several  other  fanciful 
names  hare  been  applied  to  it,  such  as  aquila  miiigata,  manna  metallorum,  panchy- 
magogum  mintrale,  sublimatum  dulec,  mercuriut  dulcii,  d/e. 

t  U  was  formerly  the  custom  to  submit  calomel  to  very  numerous  sublimations,  ow  ( 


the  ides  of  rendering  it  mild;  but  these  often  tended  to  the  production  of  cor- 
rosive sublimate ;  and  the  calomel  of  the  first  sublimation,  especially  if  a  little  ex- 
cess of  mercury  he  found  in  it,  is  often  more  pure  than  that  afforded  by  subsequent 
operations.    The  following  are  the  directions  given  in  the  Land.  Pnarmacop. 
"  Take  of  oxymuriate  of  mercury,  I  lb. 

 purified  mercury,  by  weight,  9  oz. 

Rub  them  together  until  the  metallic  globules  disappear  ;  then  sublime :  take  out  the 
snblinvd  mass,  reduce  it  to  powder,  and  sublime  it  in  the  same  manner  twice  more 
successively  ;  bring  it  to  the  slate  of  a  very  fine  powder;  throw  this  into  a 
large  vessel,  full  of  water ;  then  stir  it,  and,  after  a  short  interval,  pour  the  superna- 
tant turt»id  solution  into  another  vessel,  and  set  it  by,  that  the  powder  may  subside. 
Lastly,  haying  poured  away  the  water,  dry  the  powder." 

It  wUl  b«  observed  that  in  these  processes  the  operation  conaista  in  reducing  tha 
state  of  protochloride  by  tha  addition  of  mercury.  j 
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Chap,  iv.  resolved  into  mercury  and  the  bichloride.  It  is  yellow  while  warm, 
"  but  recovers  its  whiteness  on  cooling.  It  is  distinguished  from  the 
bichloride  by  not  being  poisonous,  by  having  no  taste,  and  by  being 
exceedingly  insoluble  in  water.  Acids  have  little  effect  upon  it; 
but  pure  alkalies  decompose  it,  separating  the  black  protoxide  of 
mercury. 

Bichloride,  1217.  Bichloride  of  Mercury,  He;-f  2C1,  or  HgCl9,  202  1  eq.  mere 
or  corro«i»e -|_  70.84  2  eq.  chlor.  =*  272.84  equiv.  When  mercury  is  heated 
sublimate.  in  chlorine  ?as>  it  takes  firet  an(j  turns  with  a  pale  red  flame,  form- 
ing the  well  known  medicinal  preparation  and  virulent  poison 
corrosive  sublimate,  or  bichloride  of  mercury.  It  is  prepared  for 
medical  purposes  by  subliming  a  mixture  of  bisulphate  of  the  per* 
oxide  of  mercury  with  chloride  of  sodium  or  sen-salt.*  The  ex- 
act quantities  required  for  mutual  decomposition  are  298.2  parts  or 
one  equivalent  of  the  bisulphate,  to  117.44  parts  or  two  equivalents 
of  the  chloride.  Thus, 


Thonrv  1  M.  Bisulphate  of  Mercury. 

1Deory-      Sulphuric  Acid    .  80.2or2eq.2r,O» 
Perox.  of  Merc.  .     218  or  1  eq.  HgO 


2  eq.  Chloride  of  Sodium. 
Chlorine   .    .   70.84  or  2  eq.  20- 
Sodium     .     .    46.6  or2eq.2Ju 

117M  2  (Na+Cl) 


2  eq.  Sulphate  of  Soda. 
Soda    .    .    .   G2.6  or  2  eq.  2Ns0 
Sulph.  Acid  .    80.2  or  2  eq.  2S0> 

142i  2  (NaO+flty 


298.2  Hg02+2S03 
and  by  mutual  interchange  of  elements  they  produce 

1  eq.  Bichloride  of  Mercury. 
Mercury    .    .    .   202  or  1  eq.  He. 
Chlorine   .    .    .   70.84  or  2  eq.  2C1 

272.84  Hg+2C1 

The  products  have  exactly  the  same  weight  (272.84  -|-  142.8= 
415.64)  as  the  compounds  (298.2  +  1 17.44  =  415.64)  from  which 
they  were  prepared. 

Characters  ,218'  bichloride  °^  mercury  is  usually  seen  in  the  form  of  aper- 
ara  ert-  fectly  white  semi-transparent  mass,  exhibiting  the  appearance  of  im- 
perfect crystallization.  It  is  sometimes  procured  in  quadrangular 
prisms.  Its  sp.  gr.  is  5.2,  its  taste  is  acrid  and  nauseous,  leaving 
a  peculiar  metallic  and  astringent  flavour  upon  the  tongue.  It  dis- 
solves in  20  parts  of  water  at  60°,  and  but  twice  its  weight  at  212*. 
It  is  more  soluble  in  alcohol  than  in  water.  When  heated,  it  readi- 
ly sublimes  in  the  form  of  a  dense  white  vapour,  strongly  affecting 
the  nose  and  mouth.  It  dissolves  without  decomposition  in  hydro- 
chloric, nitric,  and  sulphuric  acids:  the  alkalies  and  several  of  the 
metals  decompose  iu 

Action  of      1219.  Its  aqueous  solution  is  gradually  decomposed  by  light,  cal- 

light,       omel  being  deposited. 

..       The  pure  and  carbonated  fixed  alkalies  throw  down  the  peroxide 
a  a,e*'of  mercury  from  a  solution  of  corrosive  sublimate  ;  ammonia  on  the 


*  The  following  is  the  process  followed  at  Apothecaries  Hall,  (Lond.)  50  lbs.  of 
mercury  are  boiled  with  70  Ihs.  of  sulphuric  acid,  to  dryness,  in  a  cast-iron  vessel ; 
62  Ihs.  of  the  dry  salt  are  triturated  with  40  1-2  lbs.  of  mercury,  until  the  globules 
disappear,  and  34  lbs  of  common  salt  are  then  added.  This  mixture  is  submitted  to 
heat  id  earthen  vessels,  and  from  95  to  100  lba.  of  calomel  are  the  result.  It  is  to  be 
washed  in  large  quantities  of  distilled  water,  after  savin?  been  ground  to  a  fine  sod 
impalpable  powder. 
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contrary,  causes  the  deposition  of  a  white  matter  which  is  common-  Sect,  vn. 
Jy  known  as  white  precipitate.*  White  pre- 

1220.  The  presence  of  mercury  in  a  fluid,  supposed  to  contain  cipitate. 
corrosive  sublimate,  may  be  detected  by  concentrating  and  digesting  Jj?U£jJ°n 
it  with  an  excess  of  pure  potassa.    Peroxide  of  mercury,  which 0  mercury' 
subsides,  is  then  sublimed  in  a  small  glass  tube  by  means  of  a  spirit- 
lamp,  and  obtained  in  the  form  of  metallic  globules.    When  the 
bichloride  is  mixed  with  organic  substances,  Christison  recommends 

that  the  liquid,  without  previous  filtration,  be  agitated  with  a  fourth 
of  its  volume  of  ether,  which  separates  the  poison  from  the  aqueous 
part  and  rises  to  the  surface.  The  ethereal  solution  is  then  evapora- 
ted on  a  watch-glass,  the  residue  dissolved  in  water,  and  the  mercu- 
ry precipitated  in  the  metallic  state  by  protochloride  of  tin  at  a 
boiling  temperature.! 

1221.  A  very  elegant  method  of  detecting  the  preseuce  of  mer-  Sylvester's 
cury  is  to  place  a  drop  of  the  suspected  liquid  on  polished  gold,  and  method. 

10  touch  the  moistened  surface  with  a  piece  of  iron  wire  or  the  point 
of  a  penknife,  when  the  part  touched  instantly  becomes  while,  owing 
to  the  formation  of  an  amalgam  of  gold.  This  process  was  orig- 
inally suggested  by  Sylvester,  and  has  since  been  simplified  by 
Paris.  X 

1222.  Many  animal  and  vegetable  solutions  convert  bichloride  of  Action  of 
mercury  into  calomel.  Some  substances  effect  this  change  slowly  ;  albumen- 
while  others,  nnd  especially  albumen,  produce  it  in  an  instant. 

Into  a  solution  of  corrosive  sublimate  drop  a  solution  of  albumen,  made  by  Exp. 
mixing  a  portion  of  white  of  egg  with  water,  a  white  flocculcnt  precipitate 
subsides,  which  Orfila  has  shown  to  be  a  compound  of  calomel  and  albumen, 
and  which  he  has  proved  experimentally  to  be  inert.*    Consequently,  a  solu- 
tion of  the  white  of  eggs  is  an  an  antidote  to  poisoning  by  corrosive  sublimate. 

1223.  Protiodide  of  Mercury,  Hg+I,  or  Hgl,  202  1  eq.  mere.  +  Protiodide. 
126.3  1  eq.  iod.  =  328.3  equiv.,  is  obtained  by  mixing  nitrate  of 
protoxide  of  mercury  in  solution,  with  iodide  of  potassium ;  when 

the  latter  is  added  to  the  mixed  nitrates  of  the  protoxide  and  perox- 
ide of  mercury,  the  latter  in  excess,  the  sesquiodide  falls. 

1224.  Biniodide  of  Mercury,  Hg+2I,  or  HgP,  202  1  eq.  mere.  Biniodide. 
-f  252.6  2  eq.  iod.  =  464.6  equiv.    This  compound  is  formed  by 
mixing  nitrate  of  the  peroxide  or  bichloride  of  mercury  with  iodide 

of  potassium  in  solution,  and  falls  as  a  rich  red-coloured  powder  of 
a  tint  which  vies  in  beauty  with  that  of  vermilion,  though  unfortu- 


*  This  substance  has  been  recently  examined.*    It  was  found  that  a  slight  excess 
of  ammonia  being  added,  just  one  half  the  chlorine  of  the  corrosive  sublimate  was 
separated,  the  other  half  remaining  in  the  solution  with  the  ammonia.  The  precipitate, 
nevertheless,  did  not  contain  calomel.   It  was  found  to  \>c  composed  of 
Mercury  .      78.6         Ammonia      .      .  6.77 

Chlorine     .      .      13.85       Hygrometric  water  )  »8 

loss  and  oxygen,    \  m 
Its  atomic  constitution  would  appear  from  this  analysis  to  contain  the  compound 
radical  which  is  the  base  of  the  amides. 

t  If,  as  is  probable,  most  of  the  poison  is  already  converted  into  calomel,  and 
thereby  rendered  insoluble,  as  many  vegetable  fibres  should  be  picked  out  as  possible, 
sod  the  whole  at  once  digested  with  protcchloride  of  tin.  The  organic  substances 
are  then  dissolved  in  a  hot  solution  of  caustic  potassa,  and  the  insoluble  parts  washed 
tad  sublimed  to  separate  the  mercury.t 
:  Medical  Jurisprudence,  by  Paris  and  Fonblanque.  §  Toxicologic,  vol.  i. 
*  Kane  in  7  r«u.  huh  Acad.  xrii.       t  Christian  on  Pouen*. 
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Ch«P.  iv.  nately,  the  colour  is  less  permanent.  Though  insoluble  in  water,  it 
dissolves  freely  in  an  excess  of  either  of  its  precipitants.  If  taken 
up  in  a  hot  solution  of  nitrate  of  peroxide  of  mercury,  the  b'miodide 
crystallizes  out  on  cooling  in  scales  of  a  beautiful  red  tint.  The 
same  crystals  separate  from  a  solution  in  iodide  of  potassium;  but 
if  the  liquid  be  concentrated,  a  double  iodide  »of  mercury  and  po- 
tassium subsides. 

Effect  of       1225.  The  biniodide,  when  exposed  to  a  moderate  heat,  gradually 

heat'        becomes  yellow ;  and  the  particles,  though  previously  in  powder, 

acquire  a  crystalline  appearance.    At  about  400°  it  forms  a  yellow 

liquid  which  slowly  sublimes  in  small  transparent  scales,  or  in  large 

rhombic  tables,  when  a  considerable  quantity  is  sublimed.  The 

crystals  retain  their  yellow  colour  at  60°  if  kept  very  tranquil ;  but 

if  the  temperature  be  below  a  certain  point,  or  they  are  rubbed  or 

touched,  they  quickly  become  red.*    This  phenomenon  is  entirely 

due  to  a  change  in  molecular  arrangement :  the  different  colours  so 

often  witnessed  in  the  same  substances  at  different  temperatures,  as 

in  peroxide  of  mercury  and  the  protoxides  of  lead  and  zinc,  appear 

to  be  phenomena  of  tho  same  nature.t 

Sulphureu.     1226.  Protosulphuret  of  Mercury,  Hg-f-S,  or  HgS,  202  1  eq. 

mere,  -j-  16.1  1  eq.  sulph.  =  218.1  equiv.,  may  be  prepared  by 

transmitting  a  current  of  hydrosulphuric  acid  gas  through  a  dilute 

solution  of  nitrate  of  protoxide  of  mercury,  or  through  water  in 

which  calomel  is  suspended.  It  is  a  black-coloured  substance,  which 

is  oxidized  by  digestion  in  strong  nitric  acid.    When  exposed  to 

heat  it  is  resolved  into  the  bisulphuret  and  metallic  mercury. 

Bisolphu.  1227.  Bisulphuret  of  Mercury,  Hg-f  2S,  or  HgSa,  202  1  eq. 
ret,  or  cin-  _  — 

nabar.  mere,  -f-  32.2  2  eq.  sulph.  =  234.2  equiv.,  is  formed  by  fusing 
sulphur  with  about  six  times  its  weight  of  mercury,  and  subliming 
in  close  vessels.  When  procured  by  this  process  it  has  a  red  colour, 
and  is  known  by  the  name  of  factitious  cinnabar.X  Its  tint  is  great- 
ly improved  by  being  reduced  to  powder,  in  which  state  it  forms  the 
beautiful  pigment  vermilion.  It  may  be  obtained  in  the  moist 
way  by  pouring  a  solution  of  corrosive  sublimate  into  an  excess  of 
hydrosulphate  of  ammonia.  A  black  precipitate  subsides,  which 
acquires  the  usual  red  colour  of  cinnabar  when  sublimed. 

1228.  Cinnabar  is  not  altered  by  exposure  to  air  or  moisture; 
when  heated  to  dull  redness  in  an  open  vessel,  the  sulphur  forms 
sulphurous  acid,  and  the  mercury  escapes  in  vapour.  It  is  decom- 
posed by  distillation  with  fixed  alkalies,  lime,  and  baryta,  and  by 

*  This  appears  to  have  l*en  first  noticed  by  Hayes,  who  has  given  an 
process  for  preparing  the  compound  in  Amer.  Jour.  xti.  174. 


t  Sesquiodide  of  Mercury,  2Hg+3l,  or  Hg*I»,  404  2  eq.  mere.  +  378.9  3  eq.  wd. 
=  782  9  equiv. 

Protobromidt  of  Mercury,  Hg+Br,  or  HgBr,  202  1  eq.  mere  +  T8.4  1  eq.  brom. 
=  280.4  equiv. 

Bibromtde  of  Mercury,  Hg+2Br.  or  HgBr8,  202  1  eq.  mere.  -+■  156.8  2  eq.  brom. 
=358.8  equiv. 

t  In  the  manufacture  of  cinnabar  8  parts  of  mercury  are  mixed  in  an  iron  pot  with 
one  of  sulphur,  and  made  to  combine  ny  a  moderate  heat,  and  constant  stirring  ;  this 
compound  is  then  transferred  to  a  glass  subliming  .vessel,  (on  a  small  scale  a  Flor- 
ence flask  answers  perfectly.)  and  heated  to  redness  in  a  sand-bath  ;  a  quantity  of 
mercury  and  of  sulphur  evaporate,  and  a  sublimate  forms  which  is  removed,  and  reb- 
btd  or  levigated  into  a  very  fine  powder. 
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several  of  the  metals.  When  adulterated  with  red  lead  it  is  not  en-  s«ct.  vn. 
tirely  volatile. 

1229.  Native  Cinnabar  is  the  principal  ore  of  mercury ;  it  occurs  Native  ciu- 
massive  and  crystallized  of  various  colours,  sometimes  appearing  na  ar" 
steel-gray,  at  others  bright  red.    Native  mercury  and  native  amal- 
gam of  silver  sometimes  accompany  it. 

1230.  When  equal  parts  of  sulphur  and  mercury  are  triturated 
together  until  metallic  globules  cease  to  be  visible,  the  dark  coloured  Ethiops. 
mass  called  ethiops  mineral  results,  which  Brande  has  proved  to  be  a 
mixture  of  sulphur  and  bisulphuret  of  mercury.* 

1231.  Mercury  combines  with  most  of  the  other  metals,  and  forms  Amilgmmi. 
a  class  of  compounds  which  have  been  called  amalgams.    These  are 
generally  brittle  or  soft.    One  part  of  potassium  with  70  of  mercury 
produces  a  hard  brittle  compound.  If  mercury  be  added  to  the  liquid 

alloy  of  potassium  and  sodium,  an  instant  solidification  ensues,  and 
heat  enough  to  inflame  the  latter  metal  is  evolved.  The  amalgams 
of  gold  and  silver  are  employed  in  gilding  and  silvering. 

An  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  of  lead,  is 
fluid,  and  when  kept  for  some  time,  deposits  cubic  crystals  of  bis- 
muth.t 

1232.  By  combination  with  mercury,  metals  that  are  not  easily  Oxidation 
oxidized,  acquire  a  facility  of  entering  into  union  with  oxygen.  j^JJJ^J 
Thus  gold  and  silver,  when  combined  with  mercury,  are  oxidized  by  by  mercury, 
ignition  in  contact  with  air.    This  fact  furnishes  a  striking  illustra- 
tion of  the  effect  of  overcoming  the  aggregative  affinity  of  bodies  in 
promoting  chemical  union. 

1233.  When  mercury  is  negatively  electrized  in  a  solution  of  am- 
monia, or  when  an  amalgam  of  potassium  and  mercury  is  placed 
upon  moistened  hydrochlorate  of  ammonia,  the  metal  increases  in 
volume,  and  becomes  of  the  consistency  of  butter,  an  appearance 
which  has  sometimes  been  called  the  metallization  of  ammonia.  It 
has  suggested  some  hypotheses  concerning  the  nature  of  ammonia 
and  the  metals  (731). X 

Silver. 

Symb.  Ag      Equiv.  108 

1234.  Silver  is  found  native,  and  in  a  variety  of  combinations  ;  it  Silvtr, 
was  known  to  the  ancients.  Native  silver  occurs  crystallized  in  oc- 
tahedral or  cubic  crystals,  arborescent  and  capillary.  It  is  seldom 
pure,  but  contains  small  portions  of  other  metals,  which  affect  its 
colour  and  ductility.  It  is  chiefly  found  in  primitive  countries.  In 
Peru  and  Mexico  are  the  richest  known  mines  of  native  silver. 

1235.  Pure  silver  may  be  obtained  from  goldsmiths',  or  standard  Pure,  pro- 
silver,  by  dissolving  it  in  nitric  acid  and  precipitating  by  means  of  a  ***»n>r- 

*  Jour,  of  Sci.  vol.  xviii.  p.  294. 

lodureUed  Bichloride  of  Mercury.  20HgCl2+I,  6466.8  20  eq.  bichlor.  +  126.3  1 
aq.  iodine  =  6583.1  equiv. 

lodobichloridc  of  Mercury.  40HgClHHgia,  10913.6  40  eq.  bichlor.  +  464.6  1  eq. 
biaiudide  =  11368.2  equiv. 

t  For  the  method  of  making  an  amalgam  of  copper  see  Aikin's  Did.,  art.  Mercury, 
p.  92 ;  Thomson's  Chem.  oflnorg.  Bodies,  i.  626. 

t  Upon  this  subject  the  student  may  consult  Gay-Lussac  and  Thenard  (Recherche* 
Phyt.  Chim.  vol.  i.),  and  Berzelius  (Lehrbuch  1). 
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Sfeg; IV-  clean  piece  of  copper,  washing  with  pure  water,  and  then  digesting 

in  ammonia,  to  remove  the  copper. 
Another.       1236.  A  better  process  is  to  decompose  chloride  of  silver  by  means 

of  carbonate  of  potassa. 

For  this  purpose  precipitate  a  eolation  of  nitrate  of  oxide  of  silver  with  chloride 
of  sodium,  wash  the  precipitate  with  water,  and  dry  it.  Then  put  twice  itt 
weight  of  carbonate  of  potassa  into  a  clean  Hessian  or  black  lead  crucible,  heat  it 
to  redness,  and  throw  the  chloride  by  successive  portions  into  the  fused  alkali. 
Effervescence  takes  place  from  the  evolution  of  carbonic  acid  and  oxygen  gases, 
chloride  of  potassium  is  generated,  and  metallic  silver  subsides  to  the  bottom 
The  pure  metal  may  be  granulated  by  pouring  it  while  fused  from  a  height  of 
seven  or  eight  feet  into  a  vessel  of  water.* 

1237.  Silver  has  a  pure  white  colour,  and  considerable  brilliancy. 
Its  sp.  gr.  is  10.51  (hammered).  It  is  so  malleable  and  ductile,  that  it 
may  be  extended  into  leaves  not  exceeding  a  ten  thousandth  of  an 
inch  in  thickness,  and  drawn  into  wire  finer  than  a  human  hair. 

123S.  It  melts  at  a  bright  red  heat,  1873°  F.,  and  when  in  fusion 
appears  extremely  brilliant.  It  resists  the  action  of  air  and  moisture, 
and  does  not  oxidize  ;t  the  tarnish  of  silver  is  occasioned  by  sulphu- 
rous vapours  ;  it  takes  place  very  slowly  upon  the  pure  metal,  but 
more  rapidly  upon  the  alloy  with  copper  used  for  plate,  and  was 
found  by  Proust  to  consist  of  sulphurct  of  silver. 
Effect  of  1239.  Pure  water  has  no  effect  upon  the  metal ;  but  if  the  water 
water.se.  contain  vegetable  or  animal  matter,  it  often  slightly  blackens  its  sur- 
face in  consequence  of  the  presence  of  sulphur.  If  an  electric  explo- 
sion be  passed  through  fine  silver  wire,  it  burns  into  a  black  powder, 
which  is  an  oxide  of  silver.  In  the  Voltaic  circle  it  burns  with  a 
fine  green  light,  and  throws  off  abundant  fumes  of  oxide.  Exposed 
to  an  intense  white  heat,  it  boils  and  evaporates.  If  suddenly  cooled, 
it  crystallizes  during  congelation,  often  shooting  out  like  a  cauli- 
flower, and  throwing  small  particles  of  the  metal  out  of  the  crucible. 
Cupella.  1240.  Silver  is  not  unfrequently  obtained  in  considerable  quanti- 
ties from  argentiferous  sulphuret  of  lead,  which  is  reduced  in  the 
usual  way  and  then  cupelled  ;  the  oxide  of  lead  thus  procured  is  af- 
terwards reduced  by  charcoaU 

*  Thomson  found  it  difficult  to  obtain  silver  free  from  copper,  even  when  reduced 
from  the  chloride,  but  accomplished  the  object  by  first  washing  the  chloride  with  di- 
luted nitric  acid,  which  remove  !  the  copper.    F\r»t  Principles,  ii.  436. 

t  When  fused  in  open  vessels  it  absorbs  oxygen  amounting  sometimes  to  twentjiwo 
times  its  volume,  but  parts  with  it  in  the  act  of  becoming  solid.  T. 

tThe  principle  of  its  separation  from  lead  is  founded  on  the  different  oxidabilitj  of 
lead  and  silver,  and  on  the  ready  fusibility  of  litharge.  The  lead  obtained  from  tbose 
kinds  of  galena  which  are  rich  in  sulphurct  of  silver  is  kept  at  a  red  heat  in  a  flat  fur- 
nace, with  a  draught  of  air  constantly  playing  on  its  surface;  the  lead  is  thus  rapid]  v 
oxidized  ;  and  as  the  oxide,  at  the  moment  of  its  formation,  is  fused,  and  run?  off 
through  an  aperture  in  the  side  of  the  furnace,  the  production  of  litharge  goes  on  un- 
interruptedly until  all  the  lead  is  removed.  The  button  of  silver  is  again  fused  id  a 
smaller  furnace,  resting  on  a  porous  earthen  dish,  made  with  bone-ashes,  Flf.183- 
called  a  test  or  cupel,  the  porosity  of  which  is  so  great,  that  it  absorbs  any 
remaining  portions  of  litharge  which  may  be  formed  on  the  silver. 

The  cupel  is  easily  prepared  by  driving  pounded  bone  ashes  into  a  small 
brass  mould,  by  means  of  a  pestle  (Fig.  183),  struck  forcibly  by  a  wooden 
Pig.  181.  mallet.  It  must  then  be  removed  cautiously,  placed  on 
a  piece  of  paper  and  dried.  The  mould  is  open  above 
and  below.  In  the  process  the  cupel  is  placed  in  a  muf- 
Jle  (Fig.  184),  which  is  made  of  the  clay  used  for  cruci- 
bles, arched  above  and  closed  at  every  side  except  in 
front,  so  that  it  may  be  exposed  to  a  high  temperature,  — ' 
and  air  be  at  the  same  time  admitted.   The  cupel  in  which  is  tk« 
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Some  of  the  silver  ores,  especially  the  sulphurets,  are  reduced  by  s«ct.  TP. 
amalgamation.    These  ores,  when  washed  and  ground,  are  mixed  Amalga- 
with  a  portion  of  common  salt  and  roasted  ;  then  powdered  and  nation, 
mixed  by  agitation  with  mercury,  and  the  amalgam  thus  formed  is 
distilled. 

1241.  The  only  pure  acids  that  act  upon  silver,  are  the  sulphuric  Action  of 
and  nitric,  the  latter  is  its  proper  solvent,  forming  with  its  oxide  a  salt,  ■cidB- 
which,  after  fusion,  is  known  as  lunar  caustic. 

1242.  Oxide  of  Silver,  Ag+O,  Ag,  or  AgO,  108  1  eq.  silver  +  0»d.. 
8  1  eq.  oxy.  =  116  equiv.,  may  be  procured  by  mixing  a  solution  of 
pure  baryta  with  nitrate  of  oxide  of  silver  dissolved  in  water.    It  is 

of  a  brown  colour,  insoluble  in  water,  and  is  completely  reduced  by 
a  red  heat. 

1243.  Silver  is  separated  from  its  solution  in  nitric  acid  by  pure  Action  of 
alkalies  and  alkaline  earths  as  the  brown  oxide,  which  is  redissolved  jj'1**-* 
by  ammonia  in  excess;  by  alkaline  carbonates  as  a  white  carbonate, 
soluble  in  an  excess  of  carbonate  of  ammonia  ;  as  a  dark  brown  sul- 
phuret  by  hydrosulphuric  acid ;  and  as  a  white  curdy  chloride  of 
silver,  which  is  turned  violet  by  light  and  is  very  soluble  in  ammonia, 

by  hydrochloric  acid  or  any  soluble  chloride.  By  the  last  character, 
silver  may  be  both  distinguished  and  separated  from  other  metallic 
bodies, 

1244.  Silver  is  precipitated  in  the  metallic  state  by  most  other  Arbor  Di- 
metals.    When  mercury  is  employed  the  precipitation  is  very  slow,*1*"' 
and  produces  a  peculiar  symmetrical  arrangement,  called  the  arbor 


lead  and  silver,  is  placed  in  the  muffle,  in  the  cupelling furnace.  (Fig.      *~lg.  185 
185.)  This  furnace  has  an  opening  in  one  of  its  sides  to  receive  tbe 
tnaffie. 

This  is  an  important  process  and  much  used  by  refiners  and  assay- 
ers  in  the  analysis  of  alloyed  silver.  Supposing  that  an  alloy  of  silver 
and  copper  is  to  be  assayed,  or  analyzed,  by  cupellation,  the  following 
is  the  mode  of  proceeding. 

A  clean  piece  of  the  metal,  weighing  nhout  30  grains,  it  laminated, 
and  accurately  weighed  in  a  very  sensible  balance.  It  is  then  wrapped  up  in  tbe  re- 
quisite quantity  of  sheet  lead,  (pure  and  reduced  from  litharge,)  and  placed  upon  a 
small  cupel,  or  shallow  crucible,  made  of  bone  earth,  which  has  been  previously 
heated.  The  whole  is  then  placed  under  the  muffle,  heated  to  bright  redness;  the 
metal*  melt,  and  by  the  action  of  tbe  air  which  plays  over  tbe  hot  surface,  tbe  lead 
and  copper  are  oxidized  and  absorbed  by  tbe  cupel,  and  a  button  of  pure  silver  ulti- 
mately remains,  tbe  completion  of  tbe  process  being  judged  of  by  the  cessation  of  the 
oxidation  and  motion  upon  the  surface  of  the  globule,  and  by  the  very  brilliant  appear- 
ance assumed  by  the  silver  when  the  oxidation  of  its  alloy  ceases.  The  button  of 
pure  metal  is  then  suffered  to  cool  gradually,  and  its  loss  of  weight  will  be  equivalent 
to  the  weight  of  tbe  alloy,  which  has  been  separated  by  oxidation. 

To  perform  this  process  with  accuracy,  many  precautions  are  requisite,  and  nothing 
but  practice  can  teach  these,  so  as  to  enable  the  operator  to  gain  certain  results.  A 
n»urn«  10  inches  in  length,  6  broad,  and  about  4^  high,  answers  for  mo>t  operations. 
It  ibouid  never  be  exposed  suddenly  to  a  strong  neat,  as  it  is  very  apt  to  be  cracked  ; 
the  fire  should  also  be  raised  very  gradually,  at  first  with  little  more  than  may  prevent 
it  from  going  out.  The  fuel  is  introduced  from  an  opening  above,  and  care  must  be 
taken  not  to  allow  any  of  it  to  fall  directly  upon  th«  muffle.  Tbe  bottom  should  rest 
on  a  fire  brick,  and  its  sides  be  at  least  3  inches  from  the  walls  of  the  furnace. 

•  The  old  process  of  eliquation  is  now  scarcely  used  ;  it  consisted  in  fusing  alloys 
of  copper  and  silver  with  lead  ;  this  triple  alloy  was  cast  into  round  masses  which 
were  set  in  a  proper  furnace  upon  an  inclined  plane  of  iron  with  a  small  channel  groov- 
ed out,  and  heated  red-hot,  during  which  tbe  lead  melted  out,  and  in  consequence  of 
us  attraction  for  silver,  earn  ted  that  metal  with  it,  the  copper  being  left  behind  in  a 
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Metals—  Silver. 


Chap  IV. 


How  made. 


Fulmina- 
ting silver. 


Process. 


It  was  first  remarked  by  Lemery.  To  obtain  this  crystal- 
lization in  its  most  perfect  state,  the  solution  should  contain  a  little 
mercury,  and  the  mercury  put  into  it  should  be  alloyed  with  a  little 
silver. 

Make  an  amalgam,  without  heat,  of  four  drachms  of  silver  leaf  with  two  drachms 
of  mercury.  Dissolve  the  amalgam  in  four  ounces  or  a  sufficient  quantity  of  pure 
nitric  acid  of  a  moderate  strength  ;  dilute  this  solution  in  about  a  pound  and  a 
half  of  distilled  water ;  agitate  the  mixture,  and  preserve  it  for  use  in  a  glass  bottle 
with  a  ground  stopper.  When  this  preparation  is  to  be  used,  the  quantity  of  one 
ounce  is  put  into  a  phial,  and  the  size  of  a  pea  of  amalgam  of  gold,  or  silver,  as 
soft  as  butter,  is  to  be  added  ;  after  which  the  vessel  must  be  left  at  rest.  Sooo 
afterwards,  small  filaments  appear  to  issue  out  of  the  ball  of  amalgam,  which  in- 
crease and  shoot  out  branches  in  the  form  of  shrubs.  U.  703.  According  to 
Proust  all  that  is  required  is  to  throw  mercury  into  nitrate  of  silver  very  much 
diluted. 

1245.  When  oxide  of  silver,  recently  precipitated  by  baryta  or 
lime-water,  and  separated  from  adhering  moisture  by  bibulous  paper, 
is  left  in  contact  for  ten  or  twelve  hours  with  a  strong  solution  of 
ammonia,  the  greater  part  of  it  is  dissolved  ;  but  a  black  powder  re- 
mains which  detonates  violently  from  heat  or  percussion.  This 
substance,  which  was  discovered  by  Berthollet,*  appears  to  be  a 
compound  of  ammonia  and  oxide  of  silver ;  for  the  products  of  its 
detonation  are  metallic  silver,  water,  and  nitrogen  gas. 

Precipitate  nitrate  of  silver  by  lime-water,  and  thoroughly  edulcorate  and  drj 


Chloride. 


Effect  of 
ligbt. 


the  precipitate.  Let  this  be  afterward  put  into  a  vessel  of  the  purest  liquid 
monia,  in  which  it  may  remain  for  ten  or  twelve  hours.  It  will  then  assume  tbe 
form  of  a  black  powder,  from  which  the  fluid  is  to  be  decanted,  and  the  black 
substance  left  to  dry  in  the  air. 

This  is  the  celebrated  compound  termed  fulminating  silver,  which 
explodes  with  the  gentlest  heat,  and  even  with  the  slightest  fnctioa. 

1246.  It  should  be  made  in  very  small  quantity  at  a  titne,  and 
dried  spontaneously  in  the  air.t  When  once  prepared,  no  attempt 
must  be  made  to  enclose  it  in  a  bottle,  and  it  must  be  left  undisturbed 
in  the  vessel  in  which  it  was  dried.  Great  caution  is  necessary  in 
the  preparation  of  this  substance,  for  in  making  experiments  on  it 
several  fatal  accidents  have  been  produced  by  indiscretion  in  its  use. 
It  even  explodes,  when  moist,  on  the  gentlest  friction. t 

The  liquid  when  gently  heated,  affords  a  still  more  dangerous 
compound.  Another  detonating  compound,  less  dangerous,  may  be 
prepared  by  dissolving  silver  in  nitric  acid,  and  adding  the  solution 
to  alcohol.  It  is  this  which  is  used  in  the  little  balls  known  by  the 
name  of  torpedoes.^ 

1247.  Chloride  of  Silver,  Ag+CI,  or  AgCl,  10S  1  eq.  silver  +  30.42 
1  eq.  chlor.  =  143.42  equiv.,  occurs  in  nature  and  is  the  horn  silver 
of  mineralogists.  It  is  generated  when  silver  is  heated  in  chlorine 
gas,  and  may  be  prepared  conveniently  by  mixing  hydrochloric  acid, 
or  any  soluble  chloride,  with  a  solution  of  nitrate  of  oxide  of  silver. 
As  formed  by  precipitation  it  is  quite  white  ;  but  by  exposure  to  the 

*Ann  dc  Chim.  i. 

t  The  student  cannot  be  too  careful  in  preparing  this  dangerous  substance,  which 
has  caused  several  fatal  accidents.  See  Bruce's  Stin.  Jour.,  i. ;  and  for  details  Sdli- 
man's  Chem.,  ii.  336. 

t  See  Count  Rumford's  papers,  Phil.  Tram.,  1798. 

I  For  processes  see  Silliman's  Chem.,  ii. 
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direct  solar  rays  it  becomes  violet,  and  almost  black,  in  the  course  of  Soct.  vu. 
a  few  minutes;  and  a  similar  effect  is  slowly  produced  by  diffused 
day-light.*  According  to  Berthollet,  the  dark  colour  is  owing  to  se- 
paration of  oxide  of  silver. t 

1248.  It  is  insoluble  in  water,  and  is  dissolved  very  sparingly  by  0(  acids, 
the  strongest  acids  ;  but  it  is  soluble  in  ammonia.  Hyposulphurous 

acid  likewise  dissolves  it.  At  about  500°  it  fuses,  and  forms  a  semi- 
transparent  horny  mass  on  cooling,  which  has  a  density  of  5.524.  It 
bears  any  degree  of  heat,  or  even  the  combined  action  of  pure 
charcoal  and  heat,  without  decomposition  ;  but  hydrogen  gas  decom- 
poses it  readily. 

1249.  Chloride  of  silver  is  very  soluble  in  ammonia,  by  which  it  Action  of 
is  usefully  distinguished  from  some  other  chlorides,  which,  like  ji>*ro,n0D,a' 
are  white,  and  formed  by  precipitation. t 

1250.  As  chloride  of  silver  is  insoluble  in  water,  and  very  readily  Uses, 
formed,  it  is  often  employed  in  analysis,  as  a  means  of  ascertaining 

the  proportion  of  chlorine  present  in  various  compounds.^ 

1251.  Sulphuret  of  Silver.  Ag-|-S,  or  AgS,  108  1  eq.  silver  sulphuret. 
+  16. 1  1  eq.  sulph.  =  124.1  equiv.    Silver  has  a  strong  affinity 

for  sulphur.  This  metal  tarnishes  rapidly  when  exposed  to  nn  at- 
mosphere containing  hydrosulphuric  acid  gas,  owing  to  the  forma- 
tion of  a  sulphuret.  On  transmitting  a  current  of  this  gas  through 
a  solution  of  lunar  caustic,  a  dark  brown  precipitate  subsides,  which 
is  a  sulphuret  of  silver.  The  silver  glance  of  mineralogists  is  a 
similar  compound,  and  the  same  sulphuret  may  be  prepared  by 
heating  thin  plates  of  silver  with  alternate  layers  of  sulphur.  This 
sulphuret  is  remarkable  for  being  soft  and  even  mnlleable.il 

1252.  Alloys  of  Silver.    Silver  unites  with  most  other  metals,  Alloys, 
and  suffers  greatly  in  malleability  and  ductility  by  their  presence. 
When  silver  and  steel  are  fused  together,  an  alloy  is  formed,  which 
appears  perfect  while  in  fusion,  but  globules  of  silver  exude  from  it 

on  cooling,  which  shows  the  weak  attraction  of  the  metals.  At  a 
very  high  temperature  the  greater  part  of  the  silver  evaporates,  but 
a  portion  equal  to  about  1  in  500  remains,  forming  a  perfect  alloy, 
admirably  adapted  to  the  formation  of  cutting  instruments.^ 

1253.  Silver  readily  combines  with  zinc  and  tin,  forming  brittle 
alloys.  The  alloy  of  silver  with  copper  is  of  the  most  importance,  as 
it  constitutes  plate  and  coin.  By  the  addition  of  a  small  proportion 
of  copper  to  silver,  the  metal  is  rendered  harder  and  more  sonorous, 

'Advantage  has  been  taken  of  this  in  obtaining  copies  of  paintings,  engravings, 
see  Talbot  on  Photogenic  Drawing,  in  Land,  and  Edin.  Philos.  Jour.  xiv.  187. 

t  Stat.  Chim.  vol.  i.  p.  195. 

J  We  should  be  cautious  in  applying  heat  to  the  ainmoniacal  solution,  as  it  some- 
times  forms  a  fulminating  precipitate. 

§In  these  cases  some  excess  of  Jhe  precipitant  should  be  used,  and  the  precipitate  Cireo 
allowed  to  subside  previous  to  separating  it  upon  the  filler;  if  the  supernatant  li-  lo'  £ 
quor  become  perfectly  clear,  the  whole  of  the  silver  has  fallen  ;  if  it  remain  opalescent,  w- 
a  portion  is  probably  retained.    When  the  precipitate  remains  long  suspended,  its 
deposition  may  be  accelerated  by  warmth,  orby  adding  a  little  nitric  acid.    The  chlo- 
ride in  these  cases  should  be  perfectly  dried  in  a  silver  crucible,  up  to  incipient 
fusion.    B.  ii.  ISO. 

||  Iodide  of  Silver.  Ag+I,  or  Agl,  108 1  eq.  silver  + 126.3  1  eq.  iodine  =234.3  equiv. 

%  Stoddart  and  Faraday,  on  tbs  Alloyt  of  Steel.   Quart.  Jour.  ix. ;  Bott.  Jour. 
ft.  110. 
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Chap  iv.  while  its  colour  is  scarcely  impaired.    With  lead  the  alloy  is  $m 
and  brittle,  as  also  with  antimony,  bismuth,  cobalt,  and  arsenic.9 

1254.  Amalgam  of  silver  is  sometimes  employed  for  plating ;  it 
is  applied  to  the  surface  of  copper,  and  the  mercury  being  evaporated 
by  heat,  the  remaining  silver  is  burnished.  The  better  kind  of 
plating,  however  is  performed  by  the  application  of  a  plate  of  silver 
to  the  surface  of  the  copper,  which  is  afterwards  beaten  or  drawn 
out. 

1255.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  em- 
ployed for  silvering  brass  ;  the  metal  is  rendered  very  clean,  and  the 
above  mixture  moistened  with  water  rubbed  upon  its  surface.  Id 
this  way  thermometer  scales  and  clock  dials  are  usually  silvered. 

Gold. 

Symb.  Au      Equiv.  199.2 

Native  1256.  Gold  occurs  in  nature  in  a  metallic  state,  alloyed  with  t 
gold-  little  silver  or  copper,  and  in  this  state  is  called  native  gold.  Its  co- 
lour is  various  shades  of  yellow  ;  its  forms  are  massive,  ramose,  and 
crystallized  in  cubes  and  octobedra.  Large  quantities  of  this  metal 
are  collected  in  alluvial  soils  and  in  the  beds  of  certain  rivers,  more 
especially  those  of  the  west  coast  of  Africa  and  Peru,  Brazil  and 
Mexico.  It  is  found  in  various  parts  of  Europe,  in  the  Uralian 
mountains,  and  in  North  America.T 
Separation  1257.  Gold  is  generally  separated  by  amalgamation  and  cupella- 
°/J?oarU"  tion.  The  best  mode  is  by  fusing  the  gold  with  so  much  silver,  that 
the  former  may  constitute  one  fourth  of  the  mass;  nitric  acid  will 
then  dissolve  all  the  silver  and  leave  the  gold.  This  process  ii 
termed  qiiartation. 

Method  of      1258.  Gold  may  be  obtained  pure  by  dissolving  standard  gold  in 
nm&   nitro-hydrochloric  acid,!  evaporating  the  solution  to  dryness,  re-dts- 
f°  '  solving  the  dry  mass  in  distilled  water,  filtering,  and  adding  to  it  a 
solution  of  sulphate  of  protoxide  of  iron  ;  a  black  powder  falls,  which, 
after  having  been  washed  with  dilute  hydrochloric  acid  and  distilled 
water,  affords  on  fusion  a  button  of  pure  gold. 

1259.  Gold  is  of  a  deep  yellow  colour.  It  melts  at  a  bright  red 
heat,  2016°  Daniell,  and  when  in  fusion  appears  of  a  brilliant  green 
colour.  Its  specific  gravity  varies  a  little  according  to  the  mechani- 
cal processes  which  it  has  undergone ;  but  it  may  be  stated  on  the 
average  at  19.257. 

MaJleabili.  1260.  Gold  is  so  malleable  that  it  may  be  extended  into  leaves 
*tm  which  do  not  exceed  jr^u*  °f  an  »ncn  in  thickness.  It  is  also  very 

•The  ttandord  tiiver  of  Great  Britain  consists  of  I  l/rj  of  pure  silver,  and  |§ 
per.    A  pound  troy  therefore  is  composed  of  11  oz.  2  dwti.  pure  silver,  and  IS  dw*. 
of  copper,  and  it  is  coined  into  66  shillings.  B. 

The  standard  silver  of  the  United  Stales  is  such  that  of  1000  parts  by  wetfbt.  WC 
are  pure  and  100  alloy  ;  the  alloy  being  of  copper.  The  dollar  weighs  412ft  grs.,  tW 
dime  411  grs. 

t  For  an  account  of  the  gold  mines  of  North  Carolina  see  Amcr.  Jour,  of  Sti.  n. 
6.  The  gold  received  at  the  United  Slates'  mint  from  N.  Carolina,  in  IMS,  am«u»tsd 
to  148,100  dollars  in  value,  and  that  from  all  the  workings  in  United  Stales  to  Wp* 
dollars. 

t  Composed  of  two  measures  hydrochloric  and  one  of  nitric  acid. 


tion. 


Digitized  by  Google 


Fulminating  Chid.  313 

dnctile  and  considerably  tenacious  ;  for  a  wire  only  -j-J&y  of  an  inch  vn. 
in  diameter  will  sustain  a  weight  of  150  lbs. 

1261.  It  shows  no  tendency  to  unite  to  oxygen  even  when  exposed  Effect  of 
to  its  action  in  a  state  of  fusion ;  but  if  an  electric  discharge  be  eleclricity» 
passed  through  a  very  fine  wire  of  gold,  a  purple  powder  is  pro- 
duced, which  has  been  considered  as  an  oxide.    Chlorine  appears  to  of  chlorine, 
be  the  active  agent  in  dissolving  gold. 

1262.  Protoxide  of  Gold,  Au+O,  Au,  or  AuO,  199.2  1  eq.  gold  Protoxide. 
+  8  1  eq.  oxy.  =  207.2  equiv.,  is  obtained  by  the  action  of  a  cold 
solution  of  potassa  on  the  protochloride.    It  is  precipitated  of  a 

green  colour.  It  undergoes  spontaneous  change  into  metallic  gold 
and  teroxide.  The  purple  oxide  formed  by  the  combustion  of  gold 
is  supposed  to  be  the  binoxide* 

1263.  Teroxide  of  Gold,  Au+30,  Au,  or  AuO',  199.2  1  eq.  gold. 
+  24  3  eq.  oxy.  ==  223.2  equiv.,  the  only  well  known  oxide  of  gold, 
may  be  prepared  by  the  following  process  : 

Dissolve  1  part  of  gold  in  the  usual  way,  render  it  quite  neutral  by  evapora- 
tion, and  redissolve  in  12  parts  of  water  :  to  the  solution  add  1  part  or  carbonate 
of  potassa  dissolved  in  twice  its  weight  of  water,  and  digest  at  about  170°.  Car- 
bonic acid  gradually  escapes,  and  the  hydrated  teroxide  of  a  brownish-red  colour 
subsides.  After  being  well  washed  it  is  dissolved  in  colourless  nitric  acid  of  sp. 
gr.  1.4,  and  the  solution  decomposed  by  admixture  with  water. 

The  hydrated  teroxide  is  thus  obtained  quite  pure,  and  is  rendered 
anhydrous  by  a  temperature  of  212°  F. 

1264.  Teroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and 
nearly  black  when  anhydrous,  is  insoluble  in  water,  and  completely 
decomposed  by  solar  light  or  a  red  heat.  It  combines  with  alkaline 
bases,  such  as  potassa  and  baryta,  apparently  forming  regular  salts, 

in  which  it  acts  the  part  of  a  weak  acid.    This  property,  induced  Annt99 
Pellelier  to  propose  for  it  the  name  of  auric  acid,  its  compounds 
with  alkalies  being  called  auratesA 

1265.  When  recently  precipitated  teroxide  of  gold  is  kept  in  Action  of 
strong  ammonia  for  about  a  day,  a  detonating  compound  of  a  deep  Ammonia, 
olive  colour  is  generated.    According  to  the  analysis  of  Dumas,  its 
elements  are  in  the  ratio  of  one  equivalent  of  gold,  two  of  nitrogen, 

six  of  hydrogen,  and  three  of  oxygen.  With  regard  to  the  mode  in 
which  these  elements  are  arranged,  different  opinions  may  be  formed. 
It  appears  most  simple  to  consider  it  as  a  diaurate  of  ammonia,  ex- 
pressed by  the  formula  2(3H+N)+Au03.    t.  387. 

1266.  The  compound  known  as  Fulminating  Gold,  is  similar  to  Fulmina- 

the  above,  and  is  obtained  by  digesting  terchloride  of  gold  with  an  tm&  *°ld- 

excess  of  ammonia. 

To  obtain  this  compound  add  a  solution  of  ammonia  in  water,  or  the  pure  proC€SSfor. 
liquid  ammonia,  to  the  diluted  chloride  ;  a  precipitate  will  appear,  which  will  be 
re-dissolved  if  too  much  alkali  be  used.  Let  the  liquor  be  filtered  and  wash  the 
sediment  which  remains  on  the  filter  with  several  portions  of  warm  water.  Dry 
it  by  exposure  to  the  air,  without  any  artificial  heat,  and  preserve  it  in  a  wide 
mouthed  bottle,  in  small  packets  of  paper,  closed,  not  with  a  glass  stopper,  but 
merely  by  a  cork. 

A  small  portion  of  this  powder,  less  than  a  grain  in  weight,  being 


*  Binoxide  of  Gold.  Au+20,  or  AuO*  199.2  1  eq.  gold  +  16  2  eq.  oxy.  =  215.2 

i  An.de  Ck.etdePk.xr. 
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Metal*— Gold. 


Chlorides. 


ride, 


Chap." iv.  placed  on  the  point  of  a  knife  and  held  over  a  lamp,  detonates  vio- 
lently. The  precise  temperature  which  is  required  is  not  known, 
but  it  appears  to  be  about  290°  F.  At  the  moment  of  explosion,  a 
transient  flash  is  observed.  Two  or  three  grains,  exploded  on  a 
pretty  strong  sheet  of  copper,  will  force  a  hole  through  it.  Neither 
electricity  nor  a  spark  from  the  flint  and  steel  are  sufficient  to  occa- 
sion its  detonation  ;  but  the  slightest  friction  explodes  it,  and  serious 
accidents  have  happened  from  this  cause. 

1267.  Chlorides  of  Gold  The  terchloride  is  obtained  in  ruby-red 
crystals  by  concentrating  the  solution  of  gold.  It  is  soluble  in  alco- 
hol and  ether,  the  latter  removing  it  from  the  aqueous  solution.  It 
loses  chlorine  at  about  400°  F.,  and  is  changed  into  a  mixture  of 
protochloride*  and  terchloride,  soluble  in  water. 

1268.  Terchloride  of  Gold,  Au+3C1,  or  AuCP,  199.2  1  eq.  gold 
+  106.26  3  eq.  chlor.  =  305.46  equiv.,  is  the  usual  and  most  con- 
venient form  of  obtaining  a  solution  of  gold.  On  adding  to  the  so- 
lution sulphate  of  protoxide  of  iron,  a  brown  precipitate  ensues, 
which  is  gold  in  very  fine  division,  and  the  solution  contains  tersol- 
phate  of  sesquioxide,  and  sesquichloride  of  iron.  The  action  is  such 
that 

6  eq.  sulphate  of  protoxide  of  iron      .  6(Fe4-S) 
and  1  eq.  terchloride  of  gold     .      .      .  .  Aii-f-3Cl 

yield 

2eq.  tersulphateofsesquioxideof  iron  2(Fe+3S) 

1  eq.  sesquichloride  of  iron                         .  2Fe+3C! 
and  1  eq.  gold  Au 

1269.  The  precipitate,  washed  with  dilute  hydrochloric  acid  to  se- 
parate adhering  iron,  is  gold  in  a  state  of  perfect  purity.  A  similar 
reduction  is  effected  by  most  of  the  metals.  When  a  piece  of  char- 
coal is  immersed  in  a  solution  of  gold,  and  exposed  to  the  direct  solar 
rays,  its  surface  acquires  a  coating  of  metallic  gold,  and  ribands  may 
be  gilded  by  moistening  them  with  a  dilute  solution  of  gold,  and  ex- 
posing them  to  a  current  of  hydrogen  or  phosphuretted  hydrogen 
gas. 

1270  When  a  strong  aqueous  solution  of  gold  is  shaken  in  a 
phial  with  an  equal  volume  of  pure  ether,  two  fluids  result,  the 
lighter  of  which  is  an  ethereal  solution  of  gold.  From  this  liquid 
flakes  of  metal  are  deposited  on  standing,  especially  by  exposure  to 
light,  and  substances  moistened  with  it  receive  a  coating  of  metallic 
gold.t 

1271.  When  protochloride  of  tin  is  added  to  a  dilute  aqueous  so- 
lution of  gold,  a  purple-coloured  precipitate,  called  the  purple  of 
Cassius,  is  thrown  down  ;  and  the  same  substance  may  be  prepared 
by  fusing  together  150  parts  of  silver,  20  of  gold,  and  35.1  of  tin, 
and  acting  on  the  alloy  with  nitric  acid,  which  dissolves  out  the  sil- 
ver and  leaves  a  purple  residue,  containing  the  tin  and  gold  which 
were  employed.  To  prevent  the  oxidation  of  the  tin  during  fusion, 
the  three  metals  should  be  projected  into  a  red-hot  black-lead  cruci- 
ble, which  contains  a  little  melted  borax. 


Pure  gold 


Ethereal 


Action  of 
tin. 


*PrUochlorideqfGold.  Au-4-Cl,  or  AuCI,  199.2  1  eq.  gold  -f  3S.42  1  eq.  chlor. 
234.62  equif. 


t  See  an  Essay  on  Combustion  by  Mm  Fulhame,  and  a 
Phil.  TVons.  for  17M. 
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1272.  When  the  powder  of  Cassius  is  fused  with  vitreous  sub-  v». 
stances,  such  as  flint-glass,  or  a  mixture  of  sand  and  borax,  it  forms  Purple  of 
with  them  a  purple  enamel,  which  is  employed  in  giving  pink  co-^***"18* 
lours  to  porcelain.    The  essential  cause  of  the  colour  is  probably  a 
compouud  of  the  purple  or  supposed  binoxide  of  gold  with  earthy 
matters,  similar  to  the  enamel  formed  by  glass  and  oxide  of  silver.* 

1273.  Alloys  of  Gold  A    The  alloy  of  gold  and  iron  is  malleable  With  po- 
and  ductile,  and  harder  than  gold,  its  colour  dull  white,  and  its  spe-  jS*""1 
cific  gravity  16.885.    The  metals  expand  by  union. 

1274.  With  zinc  the  compound  is  brittle  and  brass-coloured. Wilb  zinc- 
Specific  gravity  16.937.    The  metals  contract  a  little  in  uniting. 

The  fumes  of  zinc  in  a  furnace  containing  fused  gold,  make  it 
brittle. 

1275.  Tin  forms  a  whitish  alloy,  brittle  when  thick,  but  flexible  in  With  tin. 
thin  pieces.    Specific  gravity  17.307.    There  is  considerable  con- 
traction.   The  old  chemists  called  tin  diabohis  metallorum,  from  its 
property  of  rendering  gold  brittle,  but  Bingley's  experiments  quoted 

by  Hatcbett,  show  that  ^  of  tin  does  not  render  gold  brittle. 

1276.  The  alloy  of  lead  is  very  brittle  when  that  metal  only  con-  With  lead, 
stitues  Yg^gr  of  the  alloy;  even  the  fumes  of  lead  destroy  the  duc- 
tility of  gold.    The  sp.  gravity  is  18.080 ;  and  1000  parts  become 

1005. 

1277.  With  copper  (standard  gold)  the  alloy  is  perfectly  ductile  With  cop- 
and  malleable,  but  harder  than  pure  gold,  and  resists  wear  better 

than  any  other  alloy  except  that  with  silver.    Its  specific  gravity  is 
17.157.1 

1278.  Arsenic  and  antimony,  when  alloyed  in  very  small  pro- 
portions with  gold,  destroy  its  colour  and  render  it  quite  brittle. 

1279.  The  analysis  of  most  of  the  alloys  of  gold  is  performed  by  Analysis  of 
cupellation.    The  triple  alloy  of  gold,  silver,  and  copper,  may  be 
analyzed  by  digesting  it  in  nitric  acid,  which  takes  up  the  silver  and 

copper,  and  leaves  the  gold  in  the  form  of  a  black  powder,  which 
mtfy  be  fused  into  a  button  and  weighed.  The  silver  may  be  thrown 
down  in  the  state  of  chloride  by  solution  of  common  salt,  and  the 
copper  precipitated  by  iron. 

•  Iodides  o/  Gold  arc  formed  by  the  action  of  iodide  of  potassium  on  the  terchloride 
Pndodide  o/  Gold    Au+I,  or  Aul,  109.2  1  eq.  gold  +  130.3  1  eq.  iod.  =  325.5 

iaarv. 

Teriodide  of  Gold.    Au+3l,  or  AuP,  199  2  I  eq.  gold  +  378.9  3  eq.  iod.  =  675.1 


*  A  very  carious  series  of  experiments  upon  the  alloys  of  gold  has  been  published 
ia  the  Phil.  Trans,  for  1803,  by  Hatcbett.  See  also  Thomson's  Inorg.  Ch?m.x'\  654. 

tTfce  standard  gold  of  the  United  States  contains  in  1000  parts  by  weight  900  of 
pure  metal  and  100  alloy  composed  of  cupper  and  silver,  the  latter  not  exceeding  one 
half  of  the  whole  alloy.  The  legal  weight  of  the  American  eagle  is  25a  grs  The 
lejral  standard  of  the  British  sovereign  is  22  carats  =  916}  thousandths.  Forty 
pounds  Troy  are  made  into  1669  sovereigns,  the  weight  of  each  =  123.2744  grs.  The 
value  ef  the  sovereign  in  gold  of  United  States,  should  be  4.8666.  Numerous  exami. 
nations  of  British  gold  at  the  U  S.  mint  show  that  the  actual  quality  of  the  gold  doea 
not  average  more  than  .*!.'•  A.  or  the  average  weight  more  than  122.88  grs.  The  exa- 
of  104,960  sovereigns  (the  Smilhaoniau  legacy)  at  the  mint,  produced  an 

of  4.S4-&  per  sovereign. 


•Se*  Johoston's  experiments  in  PW.  Mag 
Tmm+kwH  •/  oJS.    Au+3H,  or  AuS*,  I 
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Chap,  nr.  1290.  The  assay  of  gold  is  more  com]  plicated  than  that  of 
Assay.  in  consequence  of  the  high  attraction  which  it  has  for  copper,  and 
which  prevents  its  complete  separation  by  mere  cupellation.  An  al- 
loy, therefore,  of  copper  with  gold,  is  combined  with  a  certain  quan- 
tity of  silver,  previous  to  cupelhition  ;  this  is  then  cupelled  with  lead 
in  the  usual  way,  and  the  silver  is  afterwards  separated  by  the  ac- 
tion of  nitric  acid.* 

Watergild-     1281.  Mercury  and  gold  combine  with  great  ease,  and  produce  a 
in9-         white  amalgam  much  used  in  gilding.    For  this  purpose  the  amal- 
gam is  applied  to  the  surface  of  the  silver;  the  mercury  is  then 
driven  off  by  heat,  and  the  gold  remains  adhering  to  the  silver,  and 
is  burnished.    This  process  is  called  water  gilding. 

1282.  In  gilding  porcelain,  gold  powder  is  generally  employed, 
obtained  by  the  decomposition  of  the  chloride  ;  it  is  applied  with  a 
pencil,  and  burnished  after  it  has  been  exposed  to  the  heat  of  the 
porcelain  furnace. 

Carata.  1283.  The  degree  of  purity  of  gold  is  expressed  by  the  number  of 
parts  of  that  metal,  contained  in  the  24  parts  of  any  mixture.  Thus 
gold,  which  in  24  such  parts  (termed  carats,)  contains  22  of  the  pure 
metal  is  said  to  be  22  carats  fine.  Absolutely  pure  gold,  using  the 
same  language,  is  24  carats  fine  ;  and  gold  alloyed  with  an  equal 
weight  of  another  metal,  12  carats  fine-t 

Platinum. 

Symb.  Pt      Equiv.  9S.8 
0res  1284.  This  valuable  metal  occurs  in  Brazil,  Peru,  and  other  parts 

of  South  America  in  rounded  or  flattened  grains  mingled  with  seve- 
ral other  metals.  In  1826  it  was  discovered  by  Bousingault  in  a 
sienitic  rock  in  the  province  of  Antioquia,  in  South  America,  and 
since  then  it  has  been  found  in  larger  quantity  in  the  Uralian  moun- 
tains.! 

1285.  It  is  a  white  metal,  much  resembling  silver,  and  is  the  heaviest 
metal  known ;  after  forging  its  density  being  about  21.25,  and  in  the 
state  of  wire  21.5.  It  is  malleable,  and  may  be  drawn  into  wire  the 
diameter  of  which  does  not  exceed  the  two  thousandth  part  of  an 
inch.  It  is  soft,  and  has  the  valuable  property  of  welding.  It  is  a 
less  perfect  conductor  of  heat  than  several  other  metals.y 

1286.  It  is  unaltered  by  the  joint  action  of  heat  and  air ;  but 
hea^and'  8ma^  wires  of  it  are  fused  and  burn  in  the  Voltaic  circuit,  ond  before 
air.          the  oxyhydrogen  blow-pipe.    No  pure  acids  attack  it.    Its  solvents 

are  chlorine,  or  solutions  that  supply  chlorine,  as  nitrohydrochloric 
acid. 

1287.  Spongy  platinum  has  been  discovered  by  Dbbereiner  to  have 


Action  of 


Spongy 
p  1  ft  1 1  n  u  m  • 


*  The  real  quantity  of  gold  or  silver  taken  for  an  assay  is  very  small ;  from  18  to3« 
grains,  for  instance,  for  siirer,  and  from  6  to  12  for  gold;  whatever  the  quantity  may 
be  it  is  called  the  assay  pound.  The  silver  assay  pound  is  divided  into  12  ounces,  and 
each  ounce  into  20  pennyweights.  The  gold  assay  pound  is  subdivided  into  24  carata, 
and  each  carat  into  4  assay  grains.   Aiken's  Did.,  art.  Assay. 

t  Many  curious  facta  relating  to  the  properties  of  gold,  and  its  uses  in  the  arts,  will 
be  found  in  Lewis's  Phil.  Com.  of  the  Arts. 

t  Edin.  Jour,  of  Sci.,  v.  323. 

f  For  many  important  details  respecting  platinum,  sea  Wollastoo's  paper  ifi  P^d. 
rans.,  1829,  and  Branda's  Manual,  ii.  20Q. 
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the  remarkable  property  of  causing  the  union  of  oxygen  and  hydro-  vh. 
gen  gases  (387) ;  and  Dulong  and  Thenard  have  shown  that  the  same 
effect  takes  place,  though  in  a  lower  degree,  with  platinum  foil  and 
wire.* 

12S8.  Accord ing  to  Faraday t  the  eases  must  be  pure  and  the  pla-  Faraday'a 

re  r      •  J  jl     l  t  observa- 

tinum  free  from  foreign  matters,  pure  water  excepted,  which  is  ef-  tiong. 
fected  by  fusing  pure  potassa  on  its  surface,  washing,  then  dipping 
the  platinum  in  hot  oil  of  vitriol,  and  again  washing  with  pure 
water. 

1289.  In  this  state  platinum  foil  acts  so  rapidly  at  common  tern-  Action  of. 
peratures  on  oxygen  and  hydrogen  gases  mixed  in  the  ratio  of  1  to 

2,  that  it  often  becomes  red-hot  and  kindles  the  mixture.  Handling 
the  platinum,  wiping  it  with  a  towel,  or  exposing  it  to  the  atmos- 
phere for  a  few  days,  suffices  to  soil  the  surface  of  the  metal,  and 
thereby  diminish  or  prevent  its  action. 

1290.  These  phenomena  are  supposed  to  result  from  the  concur-  Theory  of. 
ring  influence  of  two  forces,  the  self-repulsive  energy  of  similar 
gaseous  particles,  and  the  adhesive  attraction  exerted  between  them 

and  the  platinum.  Each  gas,  repulsive  to  itself  and  not  repelled  by 
the  platinum,  comes  into  the  most  intimate  contact  with  that  metal, 
and  both  gases  are  so  condensed  upon  its  surface,  that  they  are 
brought  within  the  sphere  of  their  mutual  attraction  and  combine. 

1291.  Protoxide  of  Platinum,  Pt+O,  Pt,  or  PtO,  98.8  1  eq.  plat.  Proioxid«. 
+•  8  1  eq.  oxy.  =  106.8  equiv.,  is  prepared  by  digesting  protochlo- 
ride of  platinum  in  a  solution  of  pure  potassa,  avoiding  a  large  ex- 
cess of  the  alkali,  since  it  dissolves  a  portion  of  the  oxide,  and 
thereby  acquires  a  green  colour.    In  this  state  it  is  a  hydrate  which 

loses  first  its  water  and  then  oxygen  when  heated,  and  dissolves 
slowly  in  acids,  yielding  solutions  of  a  brownish-green  tint. 

1292.  Binoxide  of  Platinum.  Pt+20,  Pt,  or  PtO2,  98.8  1  eq.  Binoxide. 
plat,  -f-  16  2  eq.  oxy.  =  114.8  equiv.  This  oxide  is  prepared  with 
difficulty.  Berzelius  recommends  that  it  should  be  prepared  by  ex- 
actly decomposing  sulphate  of  binoxide  of  platinum  with  nitrate  of 
baryta,  and  adding  pure  soda  to  the  filtered  solution,  so  as  to  precipi- 
tate about  half  of  the  oxide;  since  otherwise,  a  sub-salt  would  sub- 
side. The  oxide  falls  in  the  form  of  a  bulky  hydrate,  of  a  yellowish- 
brown  colour ;  it  resembles  rust  of  iron  when  dry,  and  is  nearly 

black  when  rendered  anhydrous.! 

1293.  Protochloride  of  Platinum.  Pt+Cl,  or  PtCl,  98.8  1  eq.  Protocbfo- 
plat  +  35.42  1  eq.  chlor.  =  134.22  equiv.    When  the  bichloride 

is  healed  to  450°,  half  of  its  chlorine  is  expelled,  and  the  protochlo- 
ride of  a  greenish-gray  colour  remains.  It  is  insoluble  in  water, 
sulphuric  acid,  and  nitric  acid  ;  but  hydrochloric  acid  partially  dis- 
solves it,  yielding  a  red  solution.  At  a  red-heat  its  chlorine  is  dri- 
ven off*,  and  metallic  platinum  is  left.  It  is  dissolved  by  a  solution 
of  the  bichloride. 


*Ann  de  Ckim.  et  de  PAy*.,  xxiii.  aod  xxi?.         t  Phil  Trans.  1834,  part  i. 

t  Se*quiaxide  of  Platinum.   2Pl+30,  or  Pl?0>,  197.6  2  eq.  plat.  +  24  3  eq  oxy.  =  NMk  j 
231.6  equiv.    This  oxide,  of  a  gray  colour,  is  prepared  according  to  its  discoverer,  B. 
Davv,  t  y  beating  fulminating  platinum  with  nttrous  acid  ;  hut  the  nature  of  the  com- 
pwod  to  formed  has  not  yetbeen  deciairely  determined    Phil  Trans  ,1620. 
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recognized 


cb»P.  iv.      1294.  Bichloride  of  Platinum.    Pt+2C1,  or  PlCl\  98.8  1  eq. 

Bichloride,  plat.  -J-  70.84  2  eq.  chlor.  =  169.64  equiv.  This  chloride  is  ob- 
tained by  evaporating  the  solution  of  platinum  in  nitro-hydrochloric 
acid  to  dryness  at  a  very  gentle  heat,  when  it  remains  as  a  red  hy- 
drate, which  becomes  brown  when  its  water  is  expelled.  It  is  deli- 
quescent, and  very  soluble  in  water,  alcohol,  and  ether  ;  its  solution, 
if  free  from  the  chlorides  of  palladium  and  iridium,  being  of  a  pure 

Jrellow  colour.  Its  ethereal  solution  is  decomposed  by  light,  metal- 
ic  platinum  being  deposited. 

1295.  A  solution  of  platinum  is  recognized  by  the  following  cha- 
racters. When  to  an  alcoholic  or  concentrated  aqueous  solution  of 
the  bichloride,  a  solution  of  chloride  of  potassium  is  added,  a  crys- 
talline double  chloride  of  a  pale  yellow  colour  subsides,  which  is 
insoluble  in  alcohol,  and  sparingly  soluble  in  water ;  at  a  red  heat  it 
yields  chlorine  gas,  and  the  residue  consists  of  metallic  platinum  and 
chloride  of  potassium.  With  a  solution  of  hydrochlorate  of  ammo- 
nia a  similar  yellow  salt  falls,  which  when  ignited  leaves  pure  pla- 
tinum in  the  form  of  a  delicate  spongy  mass,  the  power  of  which  in 
kindling  an  explosive  mixture  of  oxygen  and  hydrogen  gases  has 
already  been  mentioned*  (1287). 

1296.  Biniodide  of  Platinum,  Pt+2I,  or  PtP,  98.8  1  eq.  plat.  + 
252.6  2eq.  iod.  =  351.4  equiv.,  prepared  by  the  action  of  iodide  of 
potassium  on  a  rather  dilute  solution  of  bichloride  of  platinum.  At 
first  the  liquid  acquires  an  orange-red  and  then  a  claret  colour, 
without  any  precipitation ;  but  when  the  solution  is  boiled,  a  black 
precipitate  subsides,  which  should  be  washed  with  hot  water  and 
dried  at  a  heat  not  exceeding  212°.  This  biniodide  is  a  black  pow- 
der, sometimes  crystalline,  is  tasteless  and  inodorous,  insoluble  in 
water,  and  may  be  boiled  in  water  without  change.  By  alcohol  it  is 
sparingly  dissolved,  especially  when  heated.  Acids  act  feebly  upon 
it ;  but  it  is  decomposed  by  alkalies ;  and  begins  to  lose  iodine  at 
270°.t 

1297.  Protosulphuret  of  Platinum,  Pt+S,  or  PtS,  98.8  1  eq. 
plat,  -f-  16.1  1  eq.  sulph.  =  114.9  equiv.,  is  formed  by  heating  the 
ammoniacal  chloride  with  half  its  weight  of  sulphur,  until  all  the  sal 
ammoniac  and  excess  of  sulphur  are  expelled. 

1298.  Bisulphuret  of  Platinum,  Pt+2S,  or  PtS*.  9S.S  1  eq.  plat, 
-f-  32.2  2  eq.  sulph.  =  131  equiv.,  is  formed  by  dropping  a  solution 
of  bichloride  of  platinum  into  a  solution  of  sulphuret  of  potassium,  or 
by  transmitting  hydrosulphuric  acid  gas  into  a  solution  of  the  double 
chloride  of  platinum  and  sodium.    It  should  be  dried  in  vacuo. 

1299.  Fulminating  platinum  may  be  prepared  by  the  action  of 
ting.        ammonia  in  slight  excess  on  a  solution  of  sulphate  of  protoxide  of 

platinum.  When  boiled  in  potassa,  washed  and  dried,  it  was  found 
by  E.  Davy  to  explode  at  about  420°  with  a  very  loud  report.!  One 
grain  laid  on  a  thin  sheet  of  copper  and  exploded  produces  a  report 


Bisulphu- 
ret. 


ProiiodxU. 


*  Protiodide  of  Platinum,  Pt+I,or  PtI,  9S.8  1  eq.  plat.  +  126  3  I  eq.  iod.  =225-1 
equiv..  prepared  by  digesting  the  protochloride  of  platinum  in  a  rather  strong  solution 
of  iodide  of  potassium,  when  the  protiodide  gradually  appears  in  the  form  a  black 
powder,  which  is  insoluble  in  water  and  alcohol.  It  is  unchanged  by  the  sulphuric, 
nitric,  and  hydrochloric  acids,  decomposed  by  the  alkalies,  and  at  a  red  heat  gives  off 
its  iodine.  1An.  dc  Ch.etdePh.,  li.  IU.  t  PhM.  Tram.  igif. 
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louder  than  that  of  a  pistol,  and  the  copper  is  deeply  indented.  It  is  Beet,  vii. 
incapable  of  being  exploded  by  percussion. 

1300.  Palladium,  Rhodium.  Osmium,  and  Iridium.   These  metals  Associated 
are  found  associated  in  the  ore  of  platinum,  and  have  been  procured  metal,• 
but  in  small  quantity. 

1301.  Palladium,  Pd,  63.3  eq.,  was  discovered  by  Wollaston  ;  ft  Podium, 
resembles  platinum  in  colour  and  lustre ;  it  is  ductile  and  malleable  ; 

its  sp.  gr.  is  11.3  to  11  8. 

1302.  In  fusibility  it  is  intermediate  between  gold  and  platinum,  Properties, 
and  is  dissipated  in  sparks  when  intensely  heated  by  the  oxyhydro- 

gen  blow-pipe.  At  a  red  heat  in  oxygen  gas,  its  surface  acquires  a 
fine  blue  colour,  owing  to  superficial  oxidation  ;  but  the  increase  of 
weight  is  so  slight  as  not  to  be  appreciated. 

1303.  Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  Action  of 
the  sulphuric  and  hydrochloric  acids  act  upon  it  by  the  aid  of  heat;  acids- 
bat  its  proper  solvent  is  nitro-hydrochloric  acid.  Its  protoxide  forms 
beautiful  red-coloured  salts,  from  which  metallic  palladium  is  preci- 
pitated by  sulphate  of  protoxide  of  iron,  and  by  all  the  metals  de- 
scribed in  the  foregoing  sections,  excepting  silver,  gold,  and  pla- 
tinum. 

1304.  Rhodium,  R,  52.2  eq.,  was  discovered  by  Wollaston  at  the  Rhodium 
time  he  was  occupied  with  the  discovery  of  palladium.  He  obtained  olj,ainodi 
it  in  the  form  of  a  black  powder,  which  requires  the  strongest  heat 

that  can  be  produced  in  a  wind  furnace  for  fusion,  and  when  fused 
has  a  white  colour  and  metallic  lustre. 

1305.  It  is  brittle,  is  extremely  hard,  and  has  a  specific  gravity  of  Properties, 
about  11.    It  attracts  oxygen  at  a  red  heat,  a  mixture  of  peroxide 

and  protoxide  being  formed.  It  is  not  attacked  by  any  of  the  acids 
when  in  its  pure  state,  but  if  alloyed  with  other  metals,  such  as 
copper  or  lead,  it  is  dissolved  by  nitro-hydrochloric  acid,  a  circum- 
stance which  accounts  for  its  presence  in  the  solution  of  crude  pla- 
tinum. 

1306.  It  is  oxidized  by  being  ignited  either  with  nitre,  or  bisul-  Oxidized, 
phate  of  potassa.    When  heated  with  the  latter,  sulphurous  acid  gas 

is  evolved,  and  a  double  sulphate  of  peroxide  of  rhodium  and  potassa 
is  generated,  which  dissolves  readily  in  hot  water,  and  yields  a  yel- 
low solution.  The  presence  of  rhodium  in  platinum,  iridium,  and 
osmium  may  thus  be  detected,  and  by  repealed  fusion  a  perfect  se- 
paration be  accomplished.*  Most  of  its  salts  are  either  red  or 
yellow. 

1307.  Osmium  and  Iridium.  Os,  99.7  eq.  These  metals  were  Osmium 
discovered  by  Tennant  in  the  year  1803,t  and  the  discovery  of  iridi« '  1 
um  was  made  about  the  same  time  by  Descotils  in  France.  Wol- 
laston detected  them  as  an  alloy  in  the  black  powder  accompanying 
the  ore  of  platinum.  Osmium  acquires  a  metallic  lustre  by  friction  ; 
its  sp.  gr.  is  7  to  10.  It  takes  fire  when  heated  in  the  open  air,  and 
is  readily  oxidized  and  dissolved  by  fuming  nitric  acid. 

1308.  The  highest  stage  of  oxidation  of  Os.  is  the  volatile  compound 
Osmic  Acid,  Os+40,  or  OsO\  99.7  1  eq.  osmium  +  32  4  eq.  oxy. 
±=  131.7  equiv.,  which  is  the  product  of  the  oxidation  of  osmium  by 

♦  Berxelius.  t  Phil.  Tran*.  1804. 
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ggg;  v-  acids,  by  combustion,  or  by  fusion  with  nitre  or  alkalies.  Its  vapour 
is  very  acrid,  exciting  cough,  irritating  the  eyes,  and  producing  a 
copious  flow  of  saliva;  its  odour  is  disagreeable  and  pungent,  some- 
what like  that  of  chlorine,  hence  the  name  osmium  from  oo(irh  odour. 
With  infusion  of  gall  nuts  it  gives  a  purple  solution,  which  after- 
wards acquires  a  deep  blue  lint,  a  delicate  test  of  the  acid. 

Iridium.  1309.  Iridium  is  a  brittle  metal,  apt  to  fall  to  powder  when  burnished, 
but  with  care  may  be  polished  and  then  resembles  platinum.  It  is 
the  most  infusible  of  all  metals  ;  sp.  gr.  15.8629 ;  equiv.  98.8.  It 
forms  with  oxygen  4  oxides,  and  with  chlorine  4  chlorides. 

1310.^These  metals  combine  with  oxygen,  chlorine,  and  sulphur, 
for  an  account  of  the  compounds  the  student  is  referred  to  Turner's 
Elements,  and  Brande's  Manual. 

Latamum,  1311.  hit  an  i  am.  In  submitting  the  cerite  of  Bastnaes  to  exami- 
nation Mosander  has  very  recently  obtained  this  new  metal,  and 
which  was  named  from  its  being,  as  it  were,  hidden  by  the  cerium. 
It  was  prepared  by  calcining  the  nitrate  of  cerium  mixed  with  nitrate 
of  latanium.  The  oxide  of  cerium  loses  its  solubility  in  weak  acids; 
and  the  oxide  of  latanium,  which  is  a  very  strong  base,  may  be  sepa- 
rated by  nitric  acid,  mixed  with  100  parts  of  water. 

Oxide  of,  i3i2#  The  oxide  is  of  a  brick-red  colour,  owing  to  the  presence  of 
oxide  of  cerium;  it  is  converted  by  hot  water  into  a  white  hydrate 
which  restores  the  blue  colour  of  litmus  paper ;  it  is  rapidly  dis- 
solved by  dilute  acids,  and  when  used  in  excess  is  converted  into 
a  sub-salt. 

Salts  of.  'ts  sa^ts  have  an  astr»ngent  laste»  without  any  mixture  of 

sweetness;  and  the  crystals  are  of  a  rose-red  colour.  The  atorruc 
weight  of  latanium  is  smaller  than  that  of  cerium.* 

CHAPTER  V. 
Section  1.  Salts. 

Application  1314.  The  term  salt  has  been  applied  to  a  very  extensive  range  of 
ofine  term  compounds,  where  acids  are  combined  with  oxides,  or  other  com- 
pounds  having  similar  properties.  The  oxide  or  other  substance 
united  with  the  acid  is  called  a  base  or  salifiable  base.  Each  acid, 
with  few  exceptions,  is  capable  of  uniting  with  every  alkaline  base, 
and  frequently  in  two  or  more  proportions. 
Orders.  1315.  The  class  of  salts  has  been  divided  into  four  orders  (330). 
and  many  of  their  characters  have  been  already  described.! 

Order  1st.  Oxysalts. 

Oxysalts,       1316.  Of  the  common  salts,  a  large  proportion  contain  oxygen 
what.       both  in  the  acid  and  in  the  base,  thus  in  the  phosphate  of  soda  it  is 
associated  with  phosphorus  in  the  phosphoric  acid,  and  with  sodium 
in  the  soda,  and  hence  such  are  termed  oxysalts. 


*  Lond.  and  Edin.  PhiL  Mag.,  May,  1939. 

t  Graham  has  been  led  to  the  conclusion  that  all  salts  are  neutral  in  their  conjiito- 
tioo,  with  the  exception  of  certain  classes.  Sea  Turner,  403.  Thomson  has  di»*i«i 
the  salts  into  niua  classes.    Sea  Ckem.  of  Inorg.  BadUt,  vol.  ii.  878. 
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1317.  Those  salts  which  consist  of  the  same  acid  united  with  dif-   Beet,  i. 
ferent  salifiable  bases,  possess  certain  characters  in  common,  and 

may  be  considered  as  constituting  one  family. 

The  combination  of  salts  with  one  another  gives  rise  to  compounds  Doable 
which  were  formerly  called  triple  salts ;  but  the  term  double  salt, 
proposed  by  Berzelius,  gives  a  more  correct  idea  of  their  nature  and 
constitution.  These  salts  may  Ije  composed  of  one  acid  and  two 
bases,  of  two  acids  and  one  base,  and  of  two  different  acids  and  two 
different  bases.  Most  of  the  double  salts  hitherto  examined  consist 
of  the  same  acid  and  two  different  bases. 

1318.  All  the  powerful  alkaline  bases,  excepting  ammonia,  are  the 
protoxides  of  an  electro-positive  metal,  such  as  potassium,  barium 
or  iron  ;  so  that  if  M  represent  an  eq.  of  any  one  of  those  metals 
M-f-O,  or  MO  is  the  strongest  alkaline  base,  and  often  the  only  one 
which  that  metal  can  form.  A  single  eq.  of  acid  neutralizes  MO, 
forming  with  it  a  neutral  salt.  Thus,  indicating  an  equivalent  of 
sulphuric  and  nitric  acid  by  the  signs  SO8  and  NO5,  all  the  neutral 
sulphates  and  nitrates  of  protoxides  are  indicated  by  MO-j-SO3  and 
MO-j-NO5.  There  is,  therefore,  in  the  neutral  protosalts  of  each  fa-  Remarkft. 
raily,  a  constant  ratio  in  the  oxygen  of  the  base  and  acid,  resulting  ble  law. 
from  the  composition  of  each  acid,  that  ratio  for  sulphates  being  as 

1  to  3,  and  for  nitrates  as  1  to  6.  If  the  metal  M  of  a  neutral  sul- 
phate pass  into  a  higher  grade  of  oxidation,  becoming  a  binoxide 
MO\  then  will  that  binoxide  be  disposed  to  unite  with  two  eq.  of 
acid,  and  form  a  bisalt,  M09-|-2S03,  in  which  the  oxygen  of  the 
base  and  acid  is  still  as  1  to  3 ;  and  if  the  metal  yield  asesquioxide, 
WO3,  then,  if  sufficient  acid  be  supplied,  the  resulting  salt  will  con- 
sist of  M303+3SO',  the  ratio  of  1  to  3  being  preserved.* 

Sulphate$. 

1319.  The  acid  of  the  sulphates  is  readily  detected  by  chloride  of  sulphatea 
barium  (551).  An  insoluble  sulphate  may  be  detected  by  mixing  it,  detec  ted 
in  fine  powder,  with  three  times  its  weight  of  carbonate  of  potassa 

or  soda,  and  exposing  the  mixture  to  a  red  heat  for  half  an  h©ur,  in 
a  platinum  crucible.  Double  decomposition  ensues  ;  and  on  digest- 
ing the  residue  in  water,  filtering  the  solution,  neutralizing  the  free 
alkali  by  pure  hydrochloric,  nitric,  or  acetic  acid,  and  adding  chlo- 
ride of  barium,  the  insoluble  sulphate  of  that  base  is  precipitated. 

1320.  Many  sulphates  exist  in  nature,  and  those  of  lime  and  ba-  Natural, 
ryta  are  the  most  abundant.  They  may  all  be  formed  by  the  action  ArlifieiaI 
of  sulphuric  acid  on  the  metals,  their  oxides  or  their  carbonates,  or 

by  double  decomposition.    They  vary  in  solubility  in  water ;  most  Solubility, 

of  tbem  are  decomposed  by  a  white  heat  with  the  escape  of  one  part 

of  the  sulphuric  acid,  while  the  other  part  is  resolved  into  sulphurous 

acid  and  oxygen.    They  are  decomposed  by  carbonaceous  mat- ^jx>mP0- 

ter  with  the  aid  of  heat,  carbonic  acid  being  formed  and  a  sulphuret 

of  the  metal. 

1321.  The  composition  of  neutral  protosulphates  is  expressed  by  Compoei- 

the  formula  MO-f-SO3;  the  acid  containing  three  times  as  much  {JJJjJf 

 ■   phateaex 

*  This  curious  law  relative  to  oxy-salta,  which  is  yery  general,  was  first  noticed  by 
Gay  Loaaac  (Mem.  d'Arcueil,  ii.),and  Berzelius  has  found  it  to  hold  in  earthy  mine- 
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Chap,  v.  oxygen  as  the  base ;  and  if  both  were  deprived  of  it  a  metallic  pro- 
tosulphuret  would  result,  M+S.# 
Sulphate  of    1322.  Sulphate  of  Potassa.    KO+SO3,  47.15  1  eq.  base  +  40.1 
potassa,     1  eq.  acid  =  87.25  equiv.    The  sal  de  duobus  of  the  old  chemists, 
potassa  sulphas  of  the  Pharmacop.    This  salt  is  the  result  of  several 
chemical  operations  in  the  arts ;  and  is  procured  abundantly  by  neu- 
tralizing with  carbonate  of  potassa  the  residue  of  the  operation  for 
preparing  nitric  acid  (471). 
Properties,     1323.  Its  taste  is  saline  and  bitter.    Its  crystals  belong  to  the 
right  prismatic  system  ;  they  are  unchanged  by  exposure  to  the  air, 
but  decrepitate  when  heated.    Soluble  in  sixteen  times  their  weight 
of  water  at  60°,  and  five  of  boiling  water. 
Effect  of       1324.  Intensely  heated  with  one  fifth  its  weight  of  powdered  char- 
heat  and    coal,  it  produces  sulphuret  of  potassium. 

car*)on»  About  two  parts  of  sulphate  of  potassa  and  one  of  lampblack  intimately  mixed 
in  fine  powder,  heated  to  redness  in  a  coated  phial,  with  great  care  to  exclude 
the  air  during  cooling,  afford  a  compound  which  takes  fire  on  exposure  to  the 
air.  It  appears  to  contain  a  compound  of  potassium  which  powerfully  attracts 
oxygen,  and  thus  excites  heat  enough  to  inflame  the  charcoal  and  sulphur.  Gay 
Luasac  attributes  the  combustibility  of  common  pyrophorus  to  this  compound. 

Bisulphate     1325.  Bisulpkate  of  Potassa.    KO+2SO*,  eq.  127.35;  with  1 
formed,     ^  water  136.35.    This  salt  is  formed  by  adding  S  to  a  hot  so- 
lution of  KO-f-SO',  or  by  boiling  it  with  half  its  weight  of  S  in  a 
platinum  crucible,  till  none  of  the  acid  escapes  when  the  heat  ap- 
proaches redness.    It  is  obtained  in  crystals  from  a  concentrated 
solution  at  high  temperatures,  as  in  the  cold  the  neutral  sulphate  is 
formed.    The  form  is  a  right  rhombic  prism,  generally  tabular.  Ac- 
cording to  Graham  they  contain  1  eq.  water  (basic),  the  bisulphate 
being  a  double  sulphate  of  water  and  potassa. 
Properties.     1326.  It  has  a  sour  taste,  and  is  more  soluble  than  the  neutral 
sulphate,  requiring  only  twice  its  weight  of  water  at  60°,  and  less 
than  an  equal  weight  at  212°. 
Old  names.     ^27.  *l  is  formed  in  the  process  for  nitric  acid  (471),  and  is 
called  sal  enixum — formerly  arcanum  duplicatum  and  panacea  Hol- 
satica.    It  is  used  for  cleaning  coin  and  other  works  in  metal. 
Sulphate  of    1328-  Sulphate  of  Soda— Glauber's  Salt.    NaO+SO3, 31.3  1  eq. 

base  -f-  40.1 1  eq.  acid  =  71.4  equiv. ;  in  crystals  with  10  eq.  water, 
161.4  eq.  This  salt  occurs  in  the  earth  and  in  the  waters  of  certain 
springs.  It  may  be  obtained  by  saturating  sulphuric  acid  with  carbo- 
nate of  soda.  Large  quantities  are  obtained  as  the  residuum  in  the 
processes  for  hydrochloric  acid  and  chlorine  (610,  629). 

1329.  Its  crystals  belong  to  the  right  prismatic  system,  containing 
ten  eq.  of  water,  which  is  lost  by  efHorescence  on  exposure  to  the 
air  ;  by  heat  they  undergo  the  watery  fusion.  The  taste  is  bitter, 
cooling,  and  saline.  100  parts  of  water  at  32°  dissolve  12  parts  of 
the  crystals;  at  64.5°  48  parts;  at  77°  100  parts;  at  91.5°  322 
parts. 

or  mi.       *  In  accordance  with  the  views  of  Graham  (22),  the  sulphstes  may  be  divided  into 
»e<orf-  three  classes:  1st,  anhydrous  sulphates  without  the  eq.  of  constitutional  water :  2d, 
those  in  which  it  is  an  essential  part ;  3d,  double  salts,  produced  from  the  second  by 
the  eq.  of  constitutional  water  being  replaced  by  an  eq.  of  a  sulphate  of  the  first 
T. 
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1330.  Sulphate  of  soda  is  sometimes  decomposed  for  the  purpose  I. 
of  obtaining  soda,  by  igniting  it  with  chalk  and  charcoal.*    Its  Uses, 
principal  use  is  in  pharmacy  and  in  the  manufacture  of  glass. 

1331.  Sulphate  of  Uthia.    LO+SO3,  14.44  1  eq.  base  +  40.1  1  Sulphate  of 
eq.  acid  =  54.54  eq.  in  crystals  with  9  1  eq.  water.    This  salt  is  liu"a> 
very  soluble  in  water,  fuses  by  heat  more  readily  than  the  sulphates 

of  the  other  alkalies,  and  crystallizes  in  flat  prisms  resembling  sul- 
phate of  soda,  but  not  efflorescent.    Taste  saline. 

1332.  Sulphate  of  Oxide  of  Ammonium—  Sulphate  of  Ammonia.  Ofammo- 
H'NO+SO',  26.15  I  eq.  base  +  40.1  1  eq.  acid  =  66.25  eq.,  inni«. 
crystals  with  9  or  1  eq.  water  =  75.25.    It  is  obtained  by  neutral- 
izing sulphuric  acid  with  carbonate  of  ammonia  ;  or  by  decomposing 
hydrochlorate  of  ammonia  by  sulphuric  acid.  ' 

1333.  It  is  important  as  a  source  of  the  hydrochlorate  of  ammonia  use. 
which  is  obtained  from  a  mixture  of  common  salt  and  sulphate  of 
ammonia  by  sublimation ;  by  this  process  sulphate  of  soda  is  also 
forroed.t    It  is  contained  in  the  soot  from  coal. 

1334.  It  crystallizes  in  long  flattened  six  sided  prisms  ;  dissolves  properties, 
in  two  parts  of  water  at  60°,  and  in  an  equal  weight  of  boiling  water. 

In  a  warm  dry  air  it  effloresces,  losing  1  eq.  of  water.  Sharply 
heated  it  fuses  and  is  decomposed,  yielding  nitrogen  gas,  water,  and 
sulphate  of  oxide  of  ammonium. 

1335.  Native  Sulphate  of  Ammonia  is  sometimes  found  in  volcanic  Native, 
countries;  it  has  been  procured  from  fissures  in  the  earth  near  cer- 
tain small  lakes  in  Tuscany,  and  is  known  by  the  name  of  Mascag- 
nine.X 

1336.  Sulphate  of  Baryta— heavy  spar.    BaO+SO8,  76.7  1  eq.  Sulphate  of 
base  -J-  40.1  1  eq.  acid  =  116.8  eq.    This  is  an  abundant  natural BarTta* 
product,  insoluble  in  hot  and  cold  water,  and  precipitated  when  sul- 
phuric acid  or  any  soluble  sulphate  is  added  to  any  soluble  salt  of 

baryta  (551).    So  extremely  delicate  is  baryta  as  a  test  of  sulphuric 

acid,  that  it  shows  the  presence  of  1  part  of  sulphate  of  soda  in  JJJJ  a8  a 

400,000  of  water.* 

1337.  Heavy  spar  occurs  associated  with  metallic  ores,  especially  Occurs  m 
those  of  lead,  massive  and  crystallized.    The  form  of  the  crystals  is 
variable,  being  sometimes  prismatic  and  sometimes  tabular,  deducible 

from  a  right  rhombic  prism.    Its  density  is  about  44.    It  is  easily 
formed  by  double  decomposition. 

133a  When  native  sulphate  of  baryta  is  heated  it  decrepitates,  Bologna 
and,  at  a  high  temperature,  fuses  into  an  opaque  white  enamel;  itF^MPn°- 
was  employed  in  the  manufacture  of  jasper  ware,  by  Wedgwood. 
When  heated  to  redness,  it  acquires  the  property  of  phosphores- 
cence.    This  was  first  ascertained  by  Vincenzo  Cascariolo,  of 
Bologna,  whence  the  term  Bologna  phosphorus  is  applied  to  it.  II 


*  For  a  full  account  of  the  processes  for  decomposing  this  salt  see  Aiken's  Did.  art. 
Afur.  Soda,  and  Brande's  Manual,  i.  426. 
t  In  the  arts  it  is  obtained  by  treating  sulphate  of  lime  with  the  carbonate  of  ammo- 
ia  procured  from  animal  matter  by  distillaUon. 

X  From  the  name  of  its  discoverer. 

i  Sulphate  of  baryta  is  sometimes  Tery  obstinate  in  subsiding  from  water,  and  will 
not  ooly  long  remain  suspended,  but  even  pass  through  filtering  paper  i  heat  and  a 
tie  excess  of  acid  generally  facilitate  its  deposition.  B. 

||  To  prepare  this  substance  the  native  sulphate,  powdered  after  being  ignited,  is  to 
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v»  This  kind  of  phosphorus,  after  being  exposed  for  a  few  minutes  to 
"  the  sun's  rays,  shines  in  the  dark  sufficiently  to  render  visible  the 
dial  of  a  watch.    This  property  is  lost  by  repeated  use,  inconse- 
quence of  the  oxygenation  of  the  sulphur ;  but  it  may  be  restored  by 
a  second  calcination.* 

1339.  As  the  native  sulphate  is  a  common  and  abundant  com* 


of  pound,  several  processes  have  been  contrived  for  obtaining  from  it 
^pure  baryta. 

from  native  This  may  be  effected  by  reducing  the  crystallized  sulphate  to  a  fine  powder, 
sulphate,  and  heating  it  red-hot  for  half  an  hour  in  a  silver  crucible  with  three  parti  of 
carbonate  of  potassa,  the  fused  mass  is  then  boiled  repeatedly  in  water,  till  it  w 
longer  affords  anything  soluble  in  that  liquid ;  the  insoluble  residue,  consistiaj 
chiefly  of  carbonate  of  baryta,  may  be  digested  in  dilute  nitric  acid,  by  which  ni- 
trate of  baryta  is  formed,  and  which  will  yield  the  pure  earth  by  exposure  to  beat 
Henry's  The  following  method  has  been  recommended  by  Henry.  The  sulphite  of 
baryta  is  to  be  finely  powdered,  mixed  with  three  or  four  times  its  weight  of  car- 
bonate of  potaasa,  and  boiled  with  a  proper  quantity  of  water  for  a  considerable 
time,  in  an  iron  kettle,  stirring  it,  and  breaking  down  the  hard  lumps,  into  which 
it  is  apt  to  mn,  by  an  iron  pestle.  It  is  then  to  be  washed  with  boiling  water, 
as  long  as  this  acquires  any  taste.  On  the  addition  of  dilute  hydrochloric  acid,  a 
violent  effervescence  will  ensue,  and  a  considerable  portion  of  the  earth,  probably 
along  with  some  metals,  will  be  dissolved.  To  the  saturated  solution,  add  solu- 
tion of  pure  baryta  in  water,  as  long  as  it  disturbs  the  transparency  of  the  liquor 
This  will  throw  down  any  metals  that  may  be  present;  and  the  excess  of  baryta 
may  afterwards  be  precipitated  in  the  state  of  a  carbonate  by  a  stream  of  carbonic 
acid.  Decompose  the  hydrochloric  solution  by  any  alkaline  carbonate ;  let  the 
precipitated  earth  be  well  washed  with  distilled  water ;  and  if  the  pure  baryta  i» 
to  be  obtained  from  it,  let  it  be  treated  as  directed  page  238. 

Another  method  consists  in  exposing  to  a  red  heat,  in  an  earthen  crucible,  a 
mixture  of  six  parts  of  finely  powdered  sulphate  of  baryta,  with  one  of  powdered 
charcoal,  for  half  an  hour.  This  converts  the  sulphate  into  sulphuret  which  is 
to  be  dissolved  in  hot  water,  the  solution  filtered  and  mixed  with  solution  of  car- 
bonate of  soda  as  long  as  it  occasions  a  precipitate,  which  when  washed  and 
dried,  is  carbonate  of  baryta.  Or,  by  adding  hydrochloric  acid  to  the  liquid  sal- 
phuret,  sulphur  is  thrown  down,  hydroeulphuric  acid  gas  evolved,  ana  hydro 
chlorate  of  baryta  formed,  which  may  be  filtered  off,  and  if  required,  decomposed 
by  carbonate  of  potasaa.  Or  the  sulphuret.  as  it  comes  out  of  the  crucible,  ma? 
be  thrown  into  dilute,  nitric  acid,  by  which  hydrosulphuric  acid  gas  is  evoked, 
and  a  nitrate  of  baryta  formed,  which  may  be  separated  from  the  remaining  im- 
purities by  copious  washings  with  hot  water. 

*****  rf  1340.  Sulphate  of  Strontia.  SrO+SO3,  51.8  I  ea.  base  +  40.1 
1  eq.  acid  =  91.9  equiv.  This  salt  occurs  native.  It  is  nearly  in- 
soluble, 1  part  requiring  for  solution  4000  parts  of  cold,  and  3840  of 
hot  water.  Heated  with  charcoal,  its  acid  is  decomposed  and  sul- 
phuret of  .strontium  is  formed,  which  affords  nitrate  of  strontia  by 
the  action  of  nitric  acid.  This  process,  equally  practicable  upon  sul- 
phate of  baryta  (884),  is  adopted  to  obtain  strontia. 

1341.  Native  Sulphate  of  Strontia  is  sometimes  of  a  blue  tint,  and 
has  hence  been  called  celestine.  Sometimes  it  is  colourless  and 
transparent.    It  occurs  of  great  beauty  in  Sicily  associated  with  sol- 


be  formed  into  a  paste  with  mucilage  of  gum  arabic,  and  divided  into  cylinders  or 

Eieces  of  one  fourth  of  an  inch  in  thickness.  These,  after  being  dried  in  a  moderate 
eat,  are  to  be  exposed  to  the  temperature  of  a  wind  furnace,  placed  in  the  midst  of  the 
charcoal.  When  the  fuel  is  half  consumed,  it  must  be  replenished,  and  suffered  to 
burn  out.  The  pieces  will  be  found,  retaining  their  original  shapes,  among  the  ashes, 
from  which  they  may  be  separated  by  the  blast  of  a  pair  of  bellows.  They  must  be 
preserved  in  a  well-stopped  phial.   H.  1.684. 

*  The  artificial  sulphate  of  baryta  is  used  as  a  pigment,  under  the  same  of  perma- 
nent white.   It  is  very  useful  for  marking  phials  and  jars  in  the  laboratory. 
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phur,  in  anhydrous  prismatic  crystals.    Magnificent  crystals  have    Sect.  L 
been  met  with  on  Strontian  Island  in  Lake  Erie.* 

1342.  Sulphate  of  Lime.    CaO+SO3,  28,5  1  eq.  base  +  40-1  Sulphate  of 
1  eq.  acid  =  68.6  eq. ;  as  gypsum  with  18  or  2  eq.  of  water  bs  86.6.  hme, 
This  salt  is  easily  formed  by  mixing  in  solution  a  salt  of  lime  with 

any  soluble  sulphate  (61,  exp.  2).    It  occurs  abundantly  as  a  natural 
production.    The  mineral  called  anhydrite  is  anhydrous  sulphate  of  Anhydrite, 
lime,  and  all  the  varieties  of  gypsuvi  are  composed  of  the  same  salt  Gypsum, 
united  with  water.    The  pure  crystallized  specimens  are  called  sele- 
nite,  and  the  white  compact  variety  is  known  as  alabaster.  Alabaster, 

1343.  The  crystals  of  anhydrite  belong  to  the  right  prismatic  sys-  Crystalline 
tern,  and  are  isomorphous  with  the  sulphates  of  baryta  and  strontia,  fonn,« 
while  the  forms  of  gypsum  are  oblique  prismatic.    They  contain  2 

eq.  water,  one  only  of  which  is  considered  by  Graham  to  be  water  of 

crystallization,  the  other  being  constitutional.    The  former  is  readily 

lost  by  exposing  pounded  gypsum  to  a  temperature  of  212°  in  vacuo, 

and  the  whole  water  is  expelled  by  a  temperature  below  300°.  Thus 

dried,  itconstitutes  the  well  kuown  plaster  of  Paris,  which,  when  mixed  piaster  of 

with  a  proper  proportion  of  water,  rapidly  becomes  dry  and  solid,  Pwis. 

owing  to  the  reproduction  of  gypsum. t 

1344.  Nearly  all  spring  and  river  waters  contain  this  salt,  and  in  Contained 

those  waters  which  are  termed  hard  it  is  abundant.    It  gives  them  a 10  waler* 

slightly  nauseous  taste. 

Pour  a  quantity  of  hard  water  into  two  glasses,  solution  of  baryta  dropped  into  Exp. 
one  will  detect  the  sulphuric  acid,  and  a  solution  of  oxalic  acid  dropped  into  the 
other,  will  detest  the  lime. 

•  1345.  Sulphate  of  lime  has  hardly  any  taste.    It  is  more  soluble  Solubility, 
than  sulphate  of  baryta  or  strontia,  requiring  for  solution  about  500 
parts  of  cold,  and  450  of  boiling  water. 

:?1346.   Sulphate  of  Magnesia— Epsom  Salt.     MgO+S03HO,  Epsom 
20.7  1  eq.  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  69.8 ;  in  crys-  ^ 
tals  with  54  6  eq.  water  =  123.8  eq.    This  salt  is  usually  obtained  h0w  ob- 
from  sea-water,  the  residue  of  which,  after  the  separation  of  common  tained. 
salt,  is  known  by  the  name  of  bittern,  and  contains  sulphate  and  hy- 
drochlorate  of  magnesia ;  the  latter  is  decomposed  by  sulphuric  acid  ; 
a  portion  of  the  hydrochlorate  often  remains  in  the  sulphate  and  renders 
it  deliquescent :  it  is  also  occasionally  obtained  from  saline  springs  ; 
and  sometimes  by  the  action  of  sulphuric  acid  on  magnesian  lime- 
stone.   It  was  procured  from  the  springs  of  Epsom,  in  England, 
and  hence  called  Epsom  salt.    It  has  been  found  native,  constituting 
the  bitter  salt  and  hair  salt  of  mineralogists:  it  not  unfrequently  oc- 
curs as  a  fine  capillary  incrustation  upon  the  damp  walls  of  cellars 
and  new  buildings.* 


*  Discovered  by  Delafield,  see  Amer.  Jour.  ir.  279. 

t  It  is  remarkable  that  gypsum  which  hns  lost  only  1  eq.  wster,  as  well  as  that 
which  is  dried  by  a  heat  exceeding  270°  will  not  act  in  a  similar  manner.  In  the  lat- 
ter case  ihepowder  is  a  perfect  anhydrite.  (Phil.  Mag.  vi.  417.)  Raw  gypsum,  ac- 
cording to  Emmet,  finely  pulferizea,  is  capable  of  undergoing  immediate  and  perfect 
solid ilication  when  mixed  with  certain  solutions  of  potassa.  See  Amer.  Jour,  xxiii. 
109. 

t  The  sulphate  of  magnesia  of  commerce  is  occasionally  adulterated  with  small 
crystals  of  sulphate  of  soda ;  the  fraud  is  detected  by  the  inferior  weight  of  the  preci- 
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a»P-  v.      1347.  Sulphate  of  magnesia  may  be  made  by  neutralizing  dilute 
Taste  and  sulphuric  acid  with  carbonate  of  magnesia.    It  has  a  saline,  bitter, 
ZSl"-        nauseous  taste,  and  crystallizes  in  small  quadrangular  prisms, 
which  effloresce  slightly  in  a  dry  air.    It  is  obtained  also  in  larger 
crystals,  the  principal  form  of  which  is  a  right  rhombic  prism. 
Solubility.      1348.  The  crystals  are  soluble  in  an  equal  weight  of  water  at  60°, 
and  in  three  fourths  their  weight  of  boiling  water.    They  undergo 
the  watery  fusion,  and  the  anhydrous  salt  is  deprived  of  a  portion  of 
its  acid  at  a  white  heaU    Dried  at  212°  it  retains  2  eq.  of  water,  but 
one  of  these  is  expelled  at  270°,  while  the  other  is  retained  till  the 
temperature  rises  to  460°. • 

SrtSttSu     1349*  ^P****  °f  Alumina.    Al'O'+SO8,  51.4  1  eq.  base  + 
1 40.1  1  eq.  acid  =  91.5;  in  crystals  with  81  9  eq.  water  sa  172.5. 

Tersulphate.    Al80J+3SO*,  51.4  acid  +  120.3  3  eq.  base  = 
171.7  eq. ;  in  crystals  with  162  18  eq.  water  =  333.7  eq. 

Tersul-        The  tersulphate  is  prepared  by  saturating  dilute  sulphuric  acid 

phate.  with  hydrated  alumina,  and  evaporating.  It  crystallizes  in  thin  flex- 
ible plates  of  a  pearly  lustre,  containing  18  eq.  of  water  and  soluble 
in  twice  their  weight  of  water. 

Hydrated       1350.  The  hydrated  disulphate  is  known  to  mineralogists  under 

sulphate.    lne  name  0f  aluminiteA 

Sulphates  1351.  Sulphate  of  Protoxide  of  Iron.  FeO+SOTIO,  36  1  eq- 
of  iron,  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  85.  1 ;  in  crystals  with  45 
5  eq.  water  =  130.1.  Sulphuric  acid  with  the  protoxide  of  iron 
forms  sulphate  of  the  protoxide,  green  vitriol,  or  copperas. t  It  is 
Copperas,  prepared  in  large  quantities  for  commercial  purposes,  by  exposing  the 
native  protosulphuret  of  iron  to  air  and  moisture,  the  iron  being  con- 
verted into  an  oxide,  and  the  sulphur  into  sulphuric  acid  by  attract- 
ing oxygen. 

Process.  On  the  small  scale  it  may  be  prepared  by  mixing  G  part*  of  iron  with  10  of  S 
and  GO  of  water,  evaporating  the  solution  in  a  glass  or  earthen  vessel,  after  the 
efTerveacenco  has  ceased,  and  continuing  the  heat,  till  a  rod  dipped  into  it  pre- 
sents appearances  of  crystallization,  when  taken  oat  and  held  in  the  air.  The 
solution  may  then  be  filtered,  and  green  crystals  of  the  sulphate  will  be  formed 
as  it  cools. 

Properties.  1352.  This  salt  has  a  strong  styptic  taste.  When  pure  it  does 
not  change  vegetable  blue  colours,  though  generally  staled  to  do  so, 
the  reddening  effect  being  only  produced  when  some  of  the  iron 


pitate,  occasioned  by  adding  carbonate  of  potassa ;  100  parts  of  pure  crystallized  sul- 
phate of  magnesia  furnishing  a  precipitate  of  about  40  parts  of  dry  carbonate.  B. 

Much  of  the  sulphate  found  in  the  shops  contains  some  hydrochloratc  of  magnesia  .which 
renders  it  deliquescent,  and  consequently,  it  requires  to  be  preserved  in  close  and  co- 
vered jars.  It  is  often  adulterated  with  Glauber's  salt,  which  is  made  to  resemble 
Epsom  salt,  by  stirring  it  briskly,  when  it  is  about  to  crystallize.  It  may  be  detected 
by  precipitating  the  magnesia  by  pure  ammonia,  aiding  by  heat;  filtering  and  evapo- 
rating the  filtered  fluid  to  dryness  by  a  heat  sufficient  to  volatilize  the  sulphate  of  am- 
monia ;  if  it  contains  Glauber's  salt  the  soda  will  remain  fixed.  Or  it  may  be  detected 
by  no  precipitation  ensuing,  on  adding  carbonate  of  potassa  to  the  solution.  Hydro- 
chlorate  of  lime  is  detected  by  the  oxalic  acid.   Thomson's  Land.  Disp.  407. 

*On  the  manufacture  of  this  salt  from  magaesile  see  Amcr.  Jour.  iv.  22,  and 
xiv.  10. 

t  Sulphate  of  Protox.  Manganete.  MnO+SC^HO,  35.7  1  eq.  base  +  40.1  1  eq. 
acid  -f-  9  aq.  1  eq.  =  84.8  eq. 

X  Native  Green  Vitriol  is  frequently  found  associated  with  iron  pyrites,  being  pro- 
duced by  its  decomposition  |  it  occurs  in  some  coal  mines. 
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passes  into  a  higher  state  of  oxidation.   This  is  prevented  by  a  few   Beet,  i. 
drops  of  sulphuric  acid  in  excess,  and  the  resulting  crystals  hare  a 
distinctly  blue  colour.    The  common  green  tint  is  a  delicate  test  of 
the  presence  of  sesquioxide  of  iron.* 

The  crystals  belong  to  the  oblique  prismatic  system,  and  contain  6  Crystalline 
eq.  of  water,  one  of  which  is  retained,  according  to  Graham,  till  the  {otm- 
temperature  rises  to  635°.    By  operating  carefully  it  may  be  ren- 
dered anhydrous  without  the  loss  of  acid.    It  is  soluble  in  two  parts 
of  cold,  and  in  three  fourths  its  weight  of  boiling  water.    This  salt 
is  employed  in  the  manufacture  of  fuming  sulphuric  acid  (540). 

1353.  When  heated  it  fuses,  and  at  a  high  temperature  evolves  a  Effect  of* 
mixture  of  sulphurous  and  sulphuric  acids,  and  the  oxide  remaining  t# 
was  formerly  called  caput  mortuum  vitrioli,  or  colcolhar.  Colcothar. 

1354.  Tersulphate  of  the  Sesquioxide,  Fe*03+3S03, 80  1  eq.  base  Tersul- 
-f-  120.3  3  eq.  acid  =  200.3  eq.,  is  formed  by  mixing  a  solution  of  Phale- 

the  protosulphate  with  half  as  much  S  as  that  salt  contains,  and 
adding  to  the  mixture  in  a  boiling  state  successive  portions  of  nitric 

acid  until  N  fumes  cease  to  appear.    The  solution  is  then  evaporated 

to  dryness  to  expel  the  excess  of  N,  and  the  tersulphate  remains 
as  a  white  salt. 

1355.  It  dissolves  in  water,  after  being  strongly  heated  ;  and  at  a  Solubility, 
red  heat  gives  out  all  its  acid,  sesquioxide  of  iron  remaining.    Its  &c. 
solution  in  water  is  yellow.t 

1356.  Sulphate  of  Protoxide  of  Zinc — White  Vitriol,  ZnO  +  Sulphate  of 
SCHHO,  40.3  1  eq.  base  +  40.1  1  eq.  acid  +  9aq.  1  eq.  =  89  4 ; 

in  crystals  with  54  6  eq.  water  =  143.4.  This  salt  is  the  residue 
of  the  process  for  obtaining  hydrogen  gas,  (378.)$  It  is  also  made 
for  the  purposes  of  commerce,  by  roasting  native  sulphuret  of  zinc. 

1357.  Its  crystalline  form  is  a  flattened  four  sided  prism  of  the  Crystalline 
right  prismatic  system,  and  isomorphous  with  Epsom  salt.    The  form,  sola, 
crystals  dissolve  in  2£  parts  of  cold,  and  are  still  more  soluble  in  Wlity,fcc. 
boiling  water.    Its  taste  is  strongly  styptic.    It  reddens  vegetable 

blue  colours,  though  a  neutral  salt. 

1358.  This  salt  is  almost  always  contaminated  with  iron,  and 
often  with  copper  and  lead.  Hence  the  yellow  spots  which  are  vis- 
ible on  it ;  and  hence  also  the  reason  why  its  solution  in  water  lets 
fall  a  dirty  brown  sediment.  It  may  be  purified  by  dissolving  it  in 
water,  and  putting  into  the  solution  a  quantity  of  zinc  filings  ;  ta- 
king care  to  agitate  occasionally.  The  zinc  precipitates  the  foreign 
metals  and  takes  their  place.    The  solution  is  then  to  be  filtered 


*  Bonsdorff  in  Pogg.  Inn.,  xxxi.  81. 

t  The  dindphate  of  the  sesquioxide  falls  as  a  hydrate  of  an  ochreous  colour,  when  a 
solution  of  the  protosulphate  is  kept  in  an  open  vessel. 

t  Hydrogen  gas  holding  zinc  in  solution,  may  be  obtained  by  a  process  of  Vauque-  ny<jrotioc>< 
lin.  A  mixture  of  the  ore  of  zinc,  (blende,  or  calamine)  with  charcoal,  is  to  be  put  ««. 
into  a  porcelain  tube,  which  is  to  be  placed  horizontally  in  a  furnace,  and  when  red- 
hot,  the  vapour  of  water  is  to  be  driven  over  it.  The  gas  produced  is  a  mixture  of 
carbonic  acid,  caihuretted  hydrogen,  and  a  solution  of  zinc  in  hydrogen  gas,  which 
has  been  called  hydrozincic  gas.  The  zinc  is  deposited  on  the  surface  of  the  water, 
over  which  this  gas  is  kept ;  but  if  burned  when  recently  prepared,  the  gas  exhibits, 
in  consequence  of  this  impregnation,  a  distinctly  blue  flame. 
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Chap.  V.  and  the  sulphate  of  zinc  may  be  obtained  from  it  in  crystals  by 
proper  evaporation.* 

1359.  In  the  dose  of  a  scruple  or  a  drachm,  sulphate  of  zinc  is  one 
of  the  most  immediate  emetics  we  possess  ;  and  it  is  to  be  inferred, 
that  if  larger  doses  are  rejected,  as  is  the  fact,  with  equal  rapidity, 
they  will  in  general  cause  no  more  harm  than  the  medicinal  dose.  In 
some  instances,  however,  persons  have  suffered  severely  from  over- 
doses of  this  salt,  and  a  few  have  even  perished.  It  has  also  been 
said  to  have  proved  fatal  when  applied  externally.t 

Sulphate  of  1360.  Sulphate  of  Protoxide  of  Nickel,  NiO+SO'HO,  37.5  base 
nickel.       j  e(j  _|_  4Q  J  ^jj  j  e^  _j_         _  gg  ^  jj^  mogt  Qf  tjje  Qr 

nickel  this  of  a  green  colour,  and  crystallizes  from  its  solution  in 
pure  water  in  right  rhombic  prisms,  similar  to  the  sulphates  of  zinc 
and  magnesia.  If  an  excess  of  acid  is  present  the  crystals  are 
square  prisms,  containing  less  water  and  more  acid  than  the  prece- 
ding.! Soluble  in  about  three  times  its  weight  of  water  at  60  . 
Sulphate  of    1361.  Sulphate  of  Protoxide  of  Cobalt,  CoO+S03HO,  37.5  1 

00bdu      eq.  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  86.6,  is  obtained  by  di- 

... 

gesting  protoxide  of  cobalt  in  dilute  S,  evaporation  and  crystalliza- 
tion.   The  crystals  are  red,  and  isomorphous  with  FeO+SCHO.Y 
Sulphate  of    1362.  Sulphates  of  the  Oxides  of  Copper. — Blue  Vitriol,  CuO-f- 
<»PP«-      SC^HO,  39.6  1  eq.  base  +  40.1  1  eq.  acid  +9aq.  1  eq.  =  88.7  eq. 

in  crystals  with  36  4  eq.  water  =  124.7.  The  sulphate  of  the 
black  or  protoxide  of  copper  is  made  by  roasting  the  native  sulpha- 
ret,  or  by  dissolving  the  protoxide  in  dilute  S  and  crystallizing  by 
evaporation.  It  forms  crystals  of  a  blue  colour,  which  contain  5  eq. 
of  water,  4  of  which  are  lost  at  212°  in  dry  air,  but  the  fifth  is  re- 
tained till  the  temperature  exceeds  430°.  It  is  then  a  white  powder, 
combining  readily  with  water  with  development  of  heat.  It  is  iso- 
morphous with  MnO+SO'HO. 

Process.        1363.  In  the  large  way  tho  the  copper  is  oxidized  by  igniting  it  in  an  oven  ; 

the  scale  of  oxidu  is  then  beaten  off  and  the  copper  is  heated  again  till  the  whole 
is  thus  oxidized ;  the  scales  heated  in  the  acid  will  partially  dissolve  without 
decomposing  the  latter.|| 

Disulphate,     1364.  When  pure  potassa  is  added  to  a  solution  of  this  salt,  in  a 
quantity  insufficient  for  separating  the  whole  of  the  acid,  the  distd- 
phate,  of  a  pale  bluish  green  colour,  is  thrown  down. 
Sulphate  of    1365.  By  adding  cautiously,  a  solution  of  ammonia  to  the  sul- 
protox.     phate,  until  the  subsalt  thrown  down  is  nearly  all  dissolved,  sulphate 
ammonia.  °f  Pr°to^ide  of  copper  and  ammonia  is  generated.    The  solution  is 
a  rich  blue  from  which  crystals  are  deposited  by  the  addition  of  al- 
cohol.   It  may  be  formed  also  by  triturating  carbonate  of  ammonia 

*  Thomson's  Inarg.  Chcm.  ii,  610. 

t  Chrisiison  on  PoUont,  375.   For  method  of  detecting  in  contents  of  the  stomach 
see  ibid,  374. 
t  Ann.  Philo*.  xxii.  439. 

f  Brooke  in  Ann.  PhUos.  NS.  vi.  120.  They  are  insoluble  in  alcohol,  but  dissokt 
in  about  24  parts  of  cold  water. 

||  The  composition  of  these  scales  is  variable,  they  are  often  a  pure  protoxide,  tad 

when  treated  with  hot  S  become  peroxide  of  copper,  which  dissolves  and  finely  di- 
vided metallic  copper  subsides.   Their  texture  is  crystalline  and  they  readily  dissolrs 
and  give,  in  close  vessels,  a  colourless  solution.    ( Hayes. ) 
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with  crystals  of  sulphate  of  copper;  carbonic  acid  is  disengaged  and 
the  mass  becomes  moist,  the  water  of  the  blue  vitriol  being  liberated. 
This  is  the  cuprum  ammoniatum  of  the  U.  S.  Pkar.  and  contains 

S,  Cu-f-0  and  NH3?    It  loses  NH3  by  exposure  to  the  air. 

1366.  Sulphates  of  the  Oxides  of  Mercury.    Sulphate  of  the  Pro-  Sulphates 
toxide  HgO+SO3  210  I  eq.  base  +  40.1  1  eq.  acid  =  250.1  eq.,  is  of  Mercury, 
obtained  when  two  parts  of  mercury  are  gently  heated  in  three 

parts  of  strong  S,  so  as  to  cause  eflfervesence  (530) 

1367.  If  a  strong  heat  is  employed  so  as  to  excite  brisk  efTerves-  Effect  of 
cence,  and  the  mixture  is  brought  to  dryness,  a  bisulphate  of  the  pe-  neat' 
roxide  results,  both  being  anhydrous.* 

This  salt  is  employed  in  making  corrosive  sublimate  (1217).  Turpeth 
When  thrown  into  hot  water,  it  is  decomposed,  and  a  yellow  sub-01111"*  ' 
salt,  formerly  called  Turpeth  mineral^  subsides,  according  to  Phil- 
lips it  consists  of  3  eq.  of  acid  and  4  eq.  of  peroxide. 

1368.  Sulphate  of  Oride  of  Silver.    AgO+SO3,  116  1  eq.  base  Sulpha  of 
+  40.1  1  eq.  acid  =  156.1  eq.    This  salt  is  deposited  when  sul-il  er* 
phate  of  soda  is  mixed  with  nitrate  of  silver.    It  is  also  formed  by 
boiling  silver  with  its  weight  of  sulphuric  acid. 

1369.  It  is  white  and  easily  fusible,  requiring  about  80  times  its  Properties, 
weight  of  hot  water  for  solution,  and  the  greater  part  is  deposited  in 

small  needles  on  cooling.^ 

1370.  A  compound  acid,  which  may  be  called  nitro-sulphurtct 

consisting  of  one  part  of  nitre  dissolved  in  about  ten  of  S,  dissolves 
silver  at  a  temperature  below  200°,  and  the  solution  admits  of  mode- 
rate  dilution  before  sulphate  of  silver  separates  from  it.  This  arid 
scarcely  acts  upon  copper,  lead,  or  iron,  unless  diluted  with  water  ; 
it  is,  therefore,  useful  in  separating  the  silver  from  old  plated  arti- 
cles :  the  precious  metal  may  afterwards  be  separated  either  in  the 
form  of  chloride,  by  adding  common  salt ;  or  by  diluting  the  acid  and 
continuing  the  immersion  of  the  pieces  of  copper  which  have  lost 
their  silvering,  and  which  will  now  dissolve  in  the  diluted  acid  and 
occasion  the  precipitation  of  metallic  silver.^ 

1371.  Sulphate  of  oxide  of  silver  forms  with  ammonia  a  double  Action  of 
salt,  which  crystallizes  in  rectangular  prisms,  the  solid  angles  and*0111101"4- 
lateral  edges  being  replaced  by  tangent  planes.    It  consists  of  1  eq. 

AgO,  1  acid,  and  2  NH3 ;  it  is  formed  by  dissolving  AgO+SO*  in  a 
hot  concentrated  solution  of  ammonia,  from  which,  on  cooling,  the 
crystals  are  deposited.  It  is  isomorphous  with  the  double  chromate 
and  seleniate  of  oxide  of  silver  and  ammonia. II 

*  Donovan  in  Ann.  Philoa.  xiv.      t  Hydrarg.  sulphas  flavus  of  iho  U.  S.  Pharm. 

t  Upon  the  large  scale  small  portions  of  gold  may  be  economically  separated  from  Economical 

.  .  method  of  Mpt- 

large  quantities  of  silver,  by  heating  the  finely  granulated  alloy  in  S;  the  gold  remains '•"•is0**- 
in  theTorm  of  a  black  powder,  and  the  sulphate  of  silver  may  be  decomposed  by  the 
action  of  metallic  copper;  the  silver  is  precipitated  in  a  pulverulent  state,  and,  with  a 
little  borax  or  other  verifiable  flux,  is  fused,  and  cast  into  iugots  ;  the  sulphate  of 
copper  is  easily  obtained  in  the  crystallized  state  by  evaporating  the 
B.  li.  1*7.  $  Keir  in  Phil.  Trans.  Ixxx. 

]|  Milscherlich  in  Ann.  dc  Chim.  el  dc  Pkys.,  xxxviii.  62. 
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330  Salts— Double  Sulphates. 

Cb*P-v-  Double  Sulphates. 

1372.  Sulphate  of  Soda  and  Lime.    NaO,  SCP+CaO,  SO3,  71.4 
1  eq.  sulph.  sod.  +  69-6  I  eq.  sulp.  lime  =  140  eq.    This  salt,  de- 

Glauberiie  scriDe^  D>'  mineralogists  under  the  name  of  Glauberite,  is  found  iu 
'  the  salt  mines  of  New  Castile.    It  may  be  made  by  fusing  together 
its  constituents  in  the  ratio  of  their  equivalents.* 

1373.  Sulphate  of  Potassa  and  Alumina — Alum.    KO,  SO3-}" 
Alum,       Al,Q3t  3S03)  Q7  25  i  eq.  suiph.  potassa  +  171.7  1  eq.  tersulph.  alu. 

=  258.95  eq. ;  do.  with  216  or  24  eq.  water  =  474.95.  Common 
Process  or,         is  prepared  by  roasting  and  lixiviating  certain  clays  containing 
iron  pyrites ;  to  the  leys  a  proper  quantity  of  sulphate  of  potassa  is 
added,  and  the  salt  is  obtained  by  crystallization.    In  Italy  it  is  made 
from  alum  stone  which  occurs  at  Tolfa  near  Rome.    It  occurs  in 
volcanic  countries,  being  probably  formed  by  the  action  of  sulphu- 
rous acid  vapours  on  felspathic  rocks. t 
Properties,     1374.  Alum  has  a  sweetish  taste.    It  is  soluble  in  five  parts  of 
'  water  at  60°,  and  a  little  more  than  its  own  weight  of  boiling  water.* 
Crystalline     1375.  Alum  crystallizes  readily  in  octohedrons  or  in  segments  of 
form,        octohedrons.    When  the  crystals  are  heated,  they  froth  up,  parting 
with  their  water  and  forming  anhydrous  alum,  alumen  cxsiccatum  of 
the  U.  S.  Pharmacop. 

1376.  When  alum  is  ignited  with  charcoal,  a  spontaneously  in- 
flammable compound  results,  which  has  long  been  known  uuder  the 
niV,    °     name  °f  Homberg's  Pyrophorus. 

Process,  It  i*  made  by  mixing  equal  weights  of  alum  and  brown  sugar,  and  stirring  the 
mass  over  the  fire  in  an  iron  ladle  till  quite  dry.  It  is  then  reduced  to  powder 
and  introduced  into  a  phial  coated  with  clay  in  a  crucible  tilled  with  sand  i  Tbe 
whole  is  heated  to  redness,  and  when  a  blue  flame  appears  at  the  neck  of  tbe 
phial,  allow  it  to  burn  about  five  minutes,  then  remove  it  from  the  fire  ;  stop  tbe 
phial  with  a  piece  of  soft  clny,  and  when  cool  substitute  a  good  cork,  to  exclude 
the  air. 

Hare  recommends  the  following  method,  which  affordna  pyrophorus  that  rarely 
Hares,       faj|8    "Take  3  parts  of  lampblack,  4  of  calcined  alum,  and  6  of  pear  lashes ; 

mix  thorn  thoroughly,  and  heat  them  in  an  iron  tube  to  a  bright  cherry  red  for 
one  hour.  On  removal  from  the  fire  the  tube  should  be  carefully  stopped-  W  heo 
well  prepared  and  poured  out  upon  a  glass  plate,  and  especially  when  breathed 
upon,  the  pyrophorus  kindles  with  a  series  of  small  explosions.  This  pvropbo- 
rus  should  be  removed  from  the  tube  with  great  caution,  as  it  has  been  found  to 
explode  violently  on  the  introduction  of  a  rod  for  the  purpose  of  loosening  iL|| 

Theory  of  1377.  From  some  experiments  by  Gay-Lussac,  it  appears  that 
tion°mbUS        essenl'al  ingredient  of  Hotnberg's  pyrophorus  is  sulphuret  of 

-  1  — — — — — — — — — — — — — — — — 

*  Sulphate  of  Potassa  and  Magnesia,  KO,  SOH-MgO,  SO3,  87.25  1  eq.  sulph.  pot. 
+  60.8  1  eq.  sulph.  magnes.  =  148.05  eq.,  is  formed  on  mixing  solutions  of  the  two 
sails  ;  the  crystals  belong  to  the  oblique  prismatic  system. 

Sulph.  Ox.  A  mm  on.  and  Magnes.  rf<NO,  SOs+MgO,  SO3,  66.25  I  eq.  sulph.  ox. 
ammoii.  +  60.8  1  eq.  sulph.  mag.  =  127.05  eq. ;  do,  with  64  or  6  eq.  of  water  = 
181.05- 

t  Large  quantities  are  manufactured  in  the  United  Slates  from  the  purer  clays,  as 
that  of  Martha's  Vineyard. 

X  The  variable  solubility  of  alum  as  stated  by  different  chemists,  may  have  arisen 
from  the  want  of  care  in  selecting  specimens  for  trial.  Hayes  informs  me  that  we 
have  several  varieties  of  alum  in  commerce,  which  vary  in  solubility  j  he  finds  that 
the  pure  potash  alum  is  not  more  soluble  than  has  been  stated  by  Ure.  (1  in  16  water 
at  60°).    W.  ' 

§  I  usually  prefer  a  small  cast  iron  bottle,  or  retort.  W. 

HSUhman  in  Amer.  Jour,  of  Set.,  x.  367. 
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potassium  in  a  state  of  minute  division.  The  charcoal  and  alumina  s*<a.  i. 
act  only  by  being  mechanically  interposed  between  its  particles;  but 
when  the  mass  once  kindles,  the  charcoal  takes  fire  aud  continues 
the  combustion.  He  finds  that  an  excellent  pyrophorus  is  made  by 
mixing  27  parts  of  sulphate  of  polassa  with  15  parts  of  calcined  lamp- 
black, and  heating  the  mixture  to  redness  in  a  common  Hessian  cru- 
cible, of  course  excluding  the  air  at  the  same  time.* 

1378.  Alum  is  of  extensive  use  in  the  arts,  more  especially  in  u$e$ 
dyeing  and  calico-printing,  in  consequence  of  the  attraction  which 
alumina  has  for  colouring  matter. 

1379.  Alum,  having  the  same  form,  composition,  appearance,  and  Other al- 
Uiste  as  the  salt  just  described,  may  be  made  with  ammonia,t  the 
sulphate  of  which  replaces  sulphate  of  potaasa.    It  is  met  with  occa- 
sionally as  a  natural  product,  and  may  be  prepared  by  evaporating  a 
solution  of  sulphate  of  ammonia  with  tersulphate  of  alumina. 

A  soda  alum  may  also  be  prepared,  similar  in  form  and  composi- 
tion to  the  preceding  alums,  except  that  it  contains  twentysix  equi- 
valents of  water.t    This  salt  is  disposed  to  effloresce  in  the  air.$ 

1380.  Iron  Alum.  By  mixing  sulphate  of  potassa  with  tersul- Iron  i 
phate  of  sesquioxide  of  iron,  and  crystallizing  by  spontaneous  evapo- 
ration, crystals  are  obtained  similar  to  common  alum,  in  form,  colour, 
taste,  and  composition.  This  salt  has  often  a  pink  lint,  but  is  some- 
times quite  colourless.    A  similar  double  salt,  quite  colourless,  may 

be  made  with  ammonia  instead  of  potassa.  In  both  these  alums  the 
alumina  is  simply  replaced  by  an  equivalent  quantity  of  oxide  of 
iron. 

1351.  Chrome  Alums.    The  tersulphate  of  sesquioxide  of  chromi-  Chrome  al- 
um forms  with  the  sulphates  of  potassa  and  ammonia  double  salts  um' 
which  are  exactly  similar  in  form  and  composition  to  the  preceding 
varieties  of  alum.    They  appear  black  by  reflected,  but  ruby-red  by 
transmitted  li^ht. 

1352.  Manganese  Alum.    Mitscherlich  obtained  this  salt  by  mix- 
ing a  solution  of  tersulphate  of  sesquioxide  of  manganese  with  sul-  a^xim- 
phate  of  potassa,  and  evaporating  to  the  consistence  of  syrup  by  a 
very  gentle  heat  || 

1353.  The  salts  to  which  the  term  alum  is  applied,  are  character- . 
izcdby  two  common  properties  ;  they  all  crystallize  in  the  oetohedral  EJSjJJtf 
system,  and  they  are  all  constituted  as  represented  by  the  formula  alum. 
K0S03-fR2033SO,-|-24Aq.  ;  where  RO  represents  an  eq.  of  po- 
tassa, or  oxide  of  ammonium,  and  R  O3  any  one  of  the  isomorphous 
sesquioxides  of  aluminium,  iron,  manganese,  and  chromium.  As 
remarked  by  Berzelius,  the  formula  and  crystalline  form  serve  to 
determine  the  genus  alum,  and  the  oxidized  bases  its  spccies.lf  t  and 

L  667. 

•An-deCh.  etdc  IJh.,  xxxrii.  415- 

tH«NO,  SOH-Al'O3.  3SOJ,  60.25  1  eq.  sulph.  ox.  ammon.  +  171.7  1  cq.  tcrsulpb. 
alumina  =  237.95  eq.  j  do.  with  216  or  24  eq.  water  =  453.95. 

'  Berzelius. 

*NaO,  SOM-AW  3 SO3.  71.4  1  eq  sulph.  soda  -f  1717  I  eq.  tcrsulph.  alumina  = 
343. 1 ,  eq. ;  do-  with  234  or  26  eq.  water  =  477 . 1 . 

l!  KO.  SOM-MnO,  S(P,  87.26  I  eq.  sulph.  potaasa  +  75.8  1  eq.  sulph.  protoi.  mang. 
=  163.05  eq. ;  do  with  64  or  6  eq.  water  —  217.06. 

T  For  Sulphates  of  Protoxide  of  Iron  and  Alumina  and  remarks  on  Anhydrous 
Sulphates  icdh  Ammonia,  see  Turner  and  Liebig's  Chem.,  667. 
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Salts— Nitrates. 


Effect  of 


Nitrate*. 


chap,  v.  Sulphites. 

Sulphite*.]  1384.  The  salts  of  sulphurous  acid  have  not  hitherto  been  mi- 
nutely examined.  The  sulphites  of  potassa,  soda,  and  ammonia, 
made  by  neutralizing  those  alkalies  with  sulphurous  acid,  are  solu- 
ble in  water,  but  most  of  the  other  sulphites  are  of  sparing  solubili- 
ty.   The  sulphites  of  baryta,  strontia,  and  lime  are  very  insoluble. 

The  stronger  acids  decompose  all  the  sulphites  with  effervescence, 
owing  to  the  escape  of  sulphurous  acid,  which  may  easily  be  recog- 
nised by  its  odour.  Nitric  acid,  by  yielding  oxygen,  converts  the 
sulphites  into  sulphates. 

1385.  When  the  sulphites  of  the  fixed  alkalies  and  alkaline  earths 
are  strongly  heated  in  close  vessels,  a  sulphate  is  generated,  and  a 
portion  of  sulphur  sublimed.  In  open  vessels  at  a  high  tempera- 
ture they  absorb  oxygen,  and  are  converted  into  sulphates ;  and  a 
similar  change  takes  place  even  in  the  cold,  especially  when  they 
are  in  solution. 

The  hyposidphates  and  hyposulphites  are  of  little  practical  impor- 
tance.* 

Nitrates. 

13S6.  The  nitrates  may  be  prepared  by  the  action  of  nitric  acid 
on  metals,  on  the  salifiable  bases  themselves,  or  on  carbonates.  As 
nitric  acid  forms  soluble  salts  with  all  alkaline  bases,  the  acid  of 
the  nitrates  cannot  be  precipitated  by  any  reagent.  They  are  readi- 
ly distinguished  from  other  salts,  however,  by  the  characters  already 
described.  (484.) 

1387.  All  the  nitrates  are  decomposed  without  exception  by  a 
high  temperature;  but  the  changes  which  ensue  are  modified  by  the 
nature  of  the  oxide.  Nitrate  of  oxide  of  palladium  is  decomposed 
at  a  moderate  temperature.  Nitrate  of  protoxide  of  lead  requires  a 
red  heat,  by  which  it  is  resolved  into  oxygen  and  nitrous  acid.  In 
some  instances  the  changes  are  more  complicated. 

1388.  As  the  nitrates  are  easily  decomposed  by  heat  alone,  they 
must  necessarily  suffer  decomposition  by  the  united  agency  of  heat 
and  combustible  matter.  The  nitrates  on  this  account  are  much 
employed  as  oxidizing  agents,  and  frequently  act  with  greater  effica- 
cy even  than  nitro-hydrochloric  acid. 

The  efficiency  of  nitre,  which  is  the  nitrate  usually  employed  for 
the  purpose,  depends  not  only  on  the  affinity  of  the  combustible  for 
oxygen,  but  likewise  on  that  "of  the  oxidized  body  for  potassa.  The 
process  for  oxidizing  substances  by  means  of  nitre  is  called  deflagra- 
tion, and  is  generally  performed  by  mixing  the  inflammable  body 
with  an  equal  weight  of  the  nitrate,  and  projecting  the  mixture  in 
small  portions  at  a  time  into  a  red-hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline 
earths,  together  with  most  of  the  neutral  nitrates  of  the  common 
metals,  are  composed  of  one  equivalent  of  nitric  acid,  and  one  equiv- 
alent of  a  protoxide.  Consequently,  the  oxygen  of  the  oxide  and 
acid  in  all  such  salts  must  be  in  the  ratio  of  1  to  5,  the  general  for- 
mula being  MO+NO5. 

*  For  their  characters  see  T.  &  L.  Elem.  307,  and  Heeren  in  Ann.  de  Chim.  et 
Phy;  xl.  30. 
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•Yifrate  of  Potassa. 

The  only  nitrates  found  native  are  those  of  potassa,  soda,  lime,   9m,  i. 
and  magnesia. 

13S9.  Nitrate  of  Potassa— Nitre,  KO+NO5,  47.15  1  eq.  base-f  Nilratc  of 
54.15  1  eq.  acid  =101.3  eq.    This  salt  is  an  abundant  natural  pro-  potassa. 
duct,  and  is  principally  brought  to  this  country  from  the  East  Indies, 
where  it  is  produced  by  lixiviatiou  of  certain  soils.* 

The  rough  nitre  is  in  broken  crystals,  of  a  brown  colour,  and  more 
or  less  deliquescent:  exclusive  of  other  impurities,  it  often  contains 
a  very  considerable  proportion  of  common  salt,  which  reacting  upon 
the  nitre,  induces  the  production  of  nitrate  of  soda  and  chloride  of 
potassium. 

1390.  In  Germany  and  France  it  is  artificially  produced  in  what  Artificial 
are  termed  nitre-beds. t    Thenard  has  described  the  French  process  production 
at  length. 

It  consistB  in  lixiviating  old  plaster  rubbish,*  which  when  rich  in  nitre,  affords 
about  five  per  cent.  Refuse  animal  and  vegetable  matter  which  has  putrefied 
in  contact  with  calcareous  soils  produces  nitrate  of  lime,  which  affords  nitre  by 
mixture  with  subcarbonale  of  potassa.  In  the  same  way  it  is  abundantly  pro- 
duced in  some  parts  of  Spain.  Exudations  containing  saltpetre  are  not  uncom- 
mon upon  new  walls,  where  it  appears  to  arise  from  the  decomposition  of  ani- 
mal matter  contained  in  the  mortar.  It  was  long  ago  shown  by  Glauber,  that  a 
vault  plastered  over  with  a  mixture  of  lime,  wood-ashes,  and  cows'  dung,  soon 
becomes  covered  with  efflorescent  nitre,  and  that  aAcr  some  months,  the  mate- 
rials yield,  on  lixiviauon,  a  considerable  proportion  of  that  salt. 

1391.  Nitre  crystallizes  in  six-sided  prisms,  it  dissolves  in  7  parts  Properties, 
of  water  at  60°  and  in  its  own  weight  at  212°.    Its  taste  is  cooling 

and  peculiar.  It  contains  no  water  of  crystallization,  but  its  crys- 
tals are  never  quite  free  from  water  lodged  mechanically  within 
them. 

1392.  When  exposed  to  a  white  heat,  nitre  is  decomposed  into  Effect  of 
oxygen,  (365)  nitrogen,  and  dry  potassa.  By  dit-tilling  it  in  an  earth-  heat 
en  retort,  or   in  a  gun-barrel,  oxygen  gas  may  be  obtained  in 
great  abundance,  one  pound  of  nitre  yielding  about  12,000  cubic 
inches,  of  sufficient  purity  for  common  experiments,  but  not  for  pur- 
poses of  accuracy.   It  fuses  at  a  heat  below  redness,  and  congeals 

on  cooling  into  cakes  called  sal  pmnelle. 

If  the  temperature  of  nitre  be  so  far  increased  as  to  allow  a  por- 
tion of  oxygen  to  escape,  the  remaining  salt,  as  Scheele  first  observed, 
remains  neutral,  and  in  this  state  it  has  been  considered  as  forming 
a  nitrite  of  potassa. 

1393.  It  is  decomposed  by  charcoal  at  a  red  heat,  and  if  excess  Decompo- 

sed by 

of  charcoal  be  used  the  results  are  C,  C,  N  and  KO-f-CO.    It  is  charcoal, 
also  decomposed  by  sulphur  with  different  results,  according  to  the 
temperature  and  proportions  employed. 

This  may  be  shown  by  mixing  two  parts  of  powdered  nitre  with  one  of 
powdered  charcoal,  and  setting  fire  to  the  mixture  in  an  iron  vessel  under  a 
chimney- § 

*  In  Kentucky  and  other  parts  of  the  U.  S.  the  caverns  in  limestone  afford  abun- 
dant supplies  of  nitrate  of  lime  from  which  nitre  is  obtained.  The  potassa  is  ob- 
tained from  wood  ashes.  In  some  places  1  bushel  of  the  earth  yields  from  3  to  10 
lbs.  of  the  salt.    Amer.  Jour.  1.  321. 

t  TraiU  de  Chim.  Elcm.  ii.SU. 

-  The  greater  part  of  the  nitre  made  in  France  is  thus  obtained. 
§  The  residuum  is  known  as  white  Jinx. 
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Chap  V.  Mix  powdered  nitre  and  sulphur,  and  throw  the  mixture,  by  a  little  at  a  time, 
'  into  a  red-hot  crucible.  The  sulphur  will  unite  with  the  oxygen  of  the  nitric 
acid,  and  form  sulphuric  acid  ;  which,  combining  with  the  potassa,  will  afford 
sulphate  of  potassa.  The  production  of  the  latter  salt  will  be  proved  by  dissolv- 
ing the  mass  remaining  in  the  crucible,  aitd  crystallizing,  when  a  salt  will  be 
obtained  exhibiting  the  characters  of  the  sulphate. 

Mix  a  portion  of  sulphur  with  one  sixth  or  one  eighth  its  weight  of  nitrate  of 
potassa ;  put  the  mixture  into  a  tin  cup  ;  and  raise  it,  by  a  small  stand,  a  few 
inches  above  the  surface  of  water,  contained  in  a  flat  shallow  dish.  Set  fire  to 
the  mixture,  and  cover  it  with  a  bell-shaped  receiver.  In  this  case,  also,  sulphu- 
lie  acid  will  be  formed ;  but  it  will  not  combine,  as  before,  with  the  alkali  of  the 
nitre,  which  alkali  is  present  in  sufficient  quantity  to  absorb  only  a  part  of  the 
acid  produced.  The  greater  part  of  the  acid  will  be  condensed  on  the  inner  sur- 
face of  the  glass  bell,  and  by  the  water,  which  will  thus  become  intensely  acid. 
The  operation  may  be  repeated  three  or  fo»ir  times,  using  the  same  portion  of 
water.  When  the  water  is  partly  expelled,  by  evaporation  in  a  glass  dish,  con- 
centrated sulphuric  acid  remains.    H.  1.  520. 

When  phosphorus  is  thrown  upon  nitre,  and  inflamed,  a  vivid 
combustion  ensues,  and  a  phosphate  of  potassa  is  formed.  Sulphur 
sprinkled  upon  hot  nitre  burns,  and  produces  a  mixture  of  sulphate 
and  sulphite  of  potassa.  This  salt  used  formerly  to  be  employed  in 
medicine,  under  the  name  of  Glaser's  polychrcst  salt.  Most  of  the 
metals,  when  in  filings  or  powder,  detonate  and  burn  when  thrown 
on  red-hot  nitre  ;  some  of  the  more  inflammable  metals  produce  in 
this  way  a  considerable  explosion. 

1394.  A  mixture  of  three  parts  of  nitre,  two  of  dry  subcarbonate 
of  potassa,  and  one  of  sulphur,  forms  fulminating  powder.0  If  a 
little  of  this  compound  be  heated  upon  a  metallic  plate,  it  blackens, 
fuses,  and  explodes  with  much  violence,  ki  consequence  of  the  rapid 
action  of  the  sulphur  upon  the  nitre. 

1395.  Nitre  is  employed  in  chemistry  es  an  oxidizing;  agent,  and 
in  the  formation  of  nitric  acid  (471).  It  is  employed  in  the  East 
Indies  for  the  preparation  of  cooling  mixtures  ;  an  ounce  of  nitn; 
dissolved  in  five  ounces  of  water  reduces  its  temperature  15°.  It  is 
highly  antiseptic  and  much  used  in  the  preservation  of  animal  sub- 
stances. 

In  the  arts.     1396.  Its  chief  use  in  the  arts  is  in  making  gunpowder,  which 
consists  of  a  very  intimate  mixture  of  nitre,  sulphur,  and  charcoal.t 


Fulmina 
ting  pow- 
der. 


Use  of 
nitre  in 


*  Or  nitre  2  parts,  nentral  carbonate  of  potassa  2,  sulphar  1 ,  and  sea-salt  6,  all  io 
fine  powder.  Ferussac's  Bulletin,  1828. 

■f  t  The  proportions  vary.  For  a  description  of  the  manufacture,  &c,  see  Ure's  Did. 
Art*  and  Manuf.  p.  62o,  from  which  the  following  table  of  composition  of  different 
gunpowders  is  taken. 


Royal  Mills,  Wallham  Abbey, 
France,  national  establishment, 
French,  for  sportsmen,  - 

"       *•  mining, 
U.  S.  of  America,  - 
Prussia,      -      -      -  - 

Russia,  

Austria  (musqucl), 
Spain,  - 

Sweden,  .... 
Switzerland  (a  round  powder), 
Chinese,  ■ 

Theoretical  proportions,  - 


Mir*. 


75 
75 
78 
65 
75 
75 

73.75 
72 

76.47 

76 

76 

76 

75 


15 

12.5 

12 

15 

12.5 

13.5 

13.69 

17 

10.78 

15 

14 

14.4 

13.23 


10 

12.5 

10 

20 

12.5 

11.5 

12.63 

16 

12.75 

9 
10 

9.9 
11.79 
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1397.  Gunpowder  explodes  at  600°  F.    The  violence  of  the  ex-    Sect,  i. 
plosion  depending  upon  the  sudden  production  of  gaseous  matter  Products  of 
resulting  from  the  action  of  the  combustibles  upon  the  nitre.*  explosion 

•  •*  of  ffUUUOW- 

C,C,  N,  and  S  are  the  principal  gaseous  results.  de" 

1398.  Gunpowder  may  be  inflamed  by  a  violent  blow  ;  if  mixed  Inflamed 
with  powdered  glass,  or  any  other  harder  substance,  and  struck  with  by  friction, 
aheavv  hammer  upon  an  anvil,  it  almost  always  explodes. 

1399.  Nitrate  of  Soda.    NaO+NO5,  31.3  1  cq.  base  +  54.15  1  Nitrate  of 
eq.  acid  =  85.45  eq.    This  salt,  the  cubic  nitre  of  old  writers,  8odB, 

is  analogous  in  chemical  properties  to  the  preceding,  h  crystallizes 
in  oblique  rhombic  prisms;  but  more  commonly  in  the  form  of  an 
obtuse  rhombohedron.  It  occurs  in  the  soil  of  India,  and  covers 
large  districts  in  Peru. 

1400.  Mixed  with  charcoal  and  sulphur  it  burns,  but  more  slowly 
than  nitre.    It  may  be  advantageously  used  in  the  manufacture  of 

both  S  and  N. 

1401.  Nitrate  of  Oxide  of  Ammonium.    H4NO+N05,  26.15,  Of  ammo- 
base  -(-  54.15  acid  =  80.3  eq.    This  salt  may  be  procured  by  the  mH' 
direct  union  of  ammonia  with  nitric  acid  ;  or  more  easily  by  satu- 
rating dilute  N  with  carbonate  of  ammonia,  and  evaporating  the  so- 
lution.  The  state  of  the  salt  varies  with  the  temperature  at  which 

the  evaporation  is  carried  on.t  At  100°  it  is  obtained  in  prismatic 
crystals  isomorphous  with  nitre  ;  at  212°  it  is  fibrous,  at  300°  it 
forms  a  compact  mass  on  cooling.  The  fibrous  nnd  compact  varie- 
ties still  contain  water,  the  former  8.2  per  cent.,  and  the  latter  5.7. 
All  the  varieties  deliquesce  and  are  very  soluble. 

1402.  It  is  the  source  of  N  (446).    When  heated  to  600  it  ex-  Use. 

•  •  •  •      •  • 

plodes,!  being  resolved  into  water,  N,  N,  and  N.  The  fibrous  vari- 
ety yields  the  largest  quantity  of  N  ;  from  one  pound  of  the  salt 
nearly  three  cubic  feet  of  gas  may  be  obtained. 

1403.  Nitrate  of  Baryta.    BaO+NO*,  76.7  1  eq.  base  +  54. 15  Nitrate  of 
1  eq.  acid  =  130.85  eq.    It  maybe  obtained  by  dissolving  car-  baryu. 

•  ■ 
.  .  . 

bonate  of  baryta  in  N,  evaporating  to  dryness,  redissolving  nnd 
crystallizing  ;  it  forms  transparent  anhydrous  octohedrons,  and  is  apt 

~  .  —  .  - .  -  -  ■■         i -■■in  .  —  -  , 

The  port  fire  used  for  firing  artillery  is  matie  of  three  parts  of  nitre,  two  of  sulphur, 
ud  one  of  gunpowder,  well  mixed  nnd  rnmiTieu  in  cases. 

Signal  lights  are  generally  composed  ni  n.ue  and  sulphur,  with  a  small  quantity  of  n    —  .r 
wmc  metallic  sulphuret,  as  that  ol  arsenic  or  antimony.    Mix  600  grains  of  nitre  wilh 
200  of  sulphur  and  100  of  the  yellow  sulphuret  of  arsenic  ;  put  the  mixture  into  a  cone 
of  paper,  and  touch  it  (out  of  doors  or  under  a  large  chimney),  wilh  a  red-hot  iron  ;  it 
*ill  burn  rapidly  with  a  brilliant  white  light. 

Mix  too  or  200  grains  of  sulphuret  of  antimony  with  the  same  proportions  of  nitre 
tod  sulphur ;  it  will  burn  with  a  virid  light  having  a  bluish  tinge.  For  other  compo- 
MUons  used  in  pyrotechny,  see  lire's  Did.  and  Gray's  Oper.  Chem.  496. 

*The  volume  of  gases  produced  from  gunpowder  is  at  60°,  2G0  times,  and  at  therao- 
entof  discharge  1000  times  greater  than  lhat  of  the  powder;*  as  each  additional  JSE*"**' 


vol.  of  gas  exerts  a  force  eqoafto  that  of  the  atmosphere,  lOOOx  15=15.000  lbs.  on  a 
"jutre  inch,  which  will  proiect  a  bullet  with  a  force  of  2000  feet  in  a  second.  (Murray. ) 
ire  estimates  it  theoretically  at  upwards  of  2000  times  Diet.  627. 

t  Dsry's  Researches. 

•  Hence  it  was  formerly  called  nitrum  Jtammans. 

•  Robbins'  Essag  on  Ounntry,  and  Nicholas's  Jour  jr.  258 
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Chap,  v.  to  decrepitate  by  heat  unless  previously  reduced  to  powder.    It  re- 
quires 12  parts  of  water  at  60°  and  3  or  4  of  boiling  water  for  solu- 
tion.   It  is  used  as  a  reagent,*  and  for  preparing  pure  baryta. t 
Nitrate  of      1404.  Nitrate  of  Strontia.    SrO+NO5,  51.8  I  eq.  base  +  54.15 
■tromia.     j  e^   acj^  _  195  95  eqt  j  in  prjSms  with  45  or  5  eq.  water  = 

150.95  eq.  This  salt  may  be  made  from  the  sulphate  or  carbonate 
of  strontia  in  the  same  manner  as  the  preceding.  It  crystallizes  in 
anhydrous  octohedons  ;  it  sometimes  contains  30  per  cent,  of  water 
of  crystallization  and  then  assumes  the  form  of  the  oblique  prismatic 
system.  X 

Nitrate  of  1405.  Nitrate  of  Lime.  CaO+NO\  2S.5  1  eq.  base  54.15  I 
lime  eq_  acj(j  —  82.65  eq.  Nitrate  of  lime  is  a  deliquescent  salt,  soluble 
in  4  parts  of  water  at  60°.  It  is  found  in  old  plaster  and  moriar, 
from  the  washings  of  which,  nitre  is  procured  by  the  addition  of 
carbonate  of  potassa  (1381).  When  moderately  heated  it  fuses,  and 
on  cooling  concretes  into  a  semitransparent  mass  known  as  Bald- 
win's phosphorus. § 

Nitrate  of       ,406,  Nitrate  °f  Protoxide  °f  Copper,    CuO+NO5  39.6  1  eq. 

copper#  base  4-  54.15  acid  =  93.75  eq.,  is  obtained  by  the  action  of  N  on 
copper  (455).  It  crystallizes  in  prisms  of  a  deep  blue  colour,  soluble 
in  water  and  alcohol,  and  deliquescent.  By  exposure  to  a  heat  of 
400°,  a  green  insoluble  subsalt  is  obtained. II 
0f  1407.  When  this  salt  is  heated  to  redness,  it  yields  pure  oxide  of 
copper.    It  is  sometimes  used  as  an  escharotic    It  is  decomposed  by 

tin  with  the  evolution  of  heat  and  N. 

Exp  Spread  a  drachm  or  two  of  the  salt  in  coarse  powder  on  a  piece  of  tin-foil,  se- 

veral  inches  square,  moisten  it  with  a  few  drops  of  water,  fold  it  up  quickly, 
and  lay  it  upon  n  plate  ;  much  heat  will  be  evolved  and  the  metal  often  takes 
fire.1T 

1408.  Nitrates  of  the  Oxides  of  Mercury — Nitrate  of  the  Pro- 
toxide, HgO+NO9,  210  base  1  eq.  +  54.15  1  eq.  acid  =  264.15; 
in  crystals  with  18  or  2  eq.  water  =  282.15  eq. 


*  If  a  moderately  strong  solution  of  this  salt  he  added  to  N.  a  precipitation  < 
of  baryta  takes  place,  in  consequence  of  the  insolubility  of  the  nitrate  in  the  acid 


hence  in  using  nitrate  of  baryta  as  a  test  of  S,  the  latter  should  I 
previous  to  its  application.  B. 

*  t  This  salt  is  employed  in  pyrotechny  to  impart  a  green  colour  to  flame. 

Jirc  is  composed  oM3  parts  sulphur,  77  nitrate  of  baryta,  chlorate  of  potassa  5,  arsenic 
2,  and  charcoal  3.  The  nitrate  should  be  well  dried,  powdered,  ana  mixed  with  the 
other  ingredients,  the  powdered  chlorate  being  added  afterwards,  and  mixed,  anh 
caution,  on  a  sheet  of  paper,  and  with  an  ivory  or  wooden  spatula. 

Kni  ftn.  t  Tins  salt  is  used  iii  the  red  Jire  employed  at  the  theatres,  which  consists  of  40 

parts  dry  nitrate  of  strontia,  13  sulphur,  5  chlorate  of  potassa.  and  4  sulphnret  of  ton- 
mony.    The  chlorate  and  sulphuret  should  be  separately  powdered,  and  mixed  on  pa 
per  with  the  other  ingredients  ;  a  very  small  quantity  of  powdered  charcoal  may  also 

be  added. 

§  Birch's  Hitt  of  Roy.  Soc.,  iii.  328. 

||  The  neutral  salt  contains  3  eq.  of  constitutional  water,  and  may  be  represented  by 
the  formula  CuO  NO*  3HO ;  the  subsalt  is  supposed  to  be  similarly  constituted,  bnag 
a  nitrate  of  water  with  3  eq.  of  constitutional  oxide  of  copper,  and  may  be  represented 
by  the  formula  HO  NOs  3CuO.    T.  673. 

IT  Nitrate  of  Protoxide  of  Lead   Pb04-NO*,  11 1.6  I  eq.  base  +  64.15  1  eq  aod 

=  165.76  eq.,  is  formed  by  digesting  litharge  in  dilute  N. 
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Mtrate  of  the  Peroxide,  HgOM-NO*,  218  I  eq.  base  +  54.15  s*t.i. 
acid  =  272.15.   

Dinitrate,  2HgO»+N05,  436  2  eq.  base  +  54.15  acid  =  490.15 
eq. 

The  protonitrate  is  obtained  by  digesting  mercury  in  N,  diluted  JjJ^JJ" 
with  3  or  4  parts  of  water,  until  the  acid  is  saturated,  and  then  al-  mercury, 
lowing  the  solution  to  evaporate  spontaneously  in  an  open  vessel. 
The  solution  always  contains,  at  first,  some  nitrate  of  the  peroxide  ; 
but  if  metallic  mercury  is  left  in  the  liquid,  a  pure  protonitrate  is 
gradually  deposited.* 

1409.  When  mercury  is  heated  in  an  excess  of  strong  N,  it  is  Pemitrate 

dissolved  with  brisk  effervescence,  owing  to  the  escape  of  N,  and 
transparent  prismatic  crystals  of  the  pernitrate  are  deposited  as  the 
solution  cools.  When  put  into  hot  water  it  is  resolved  into  a  solu- 
ble salt  the  composition  of  which  is  unknown,  and  into  a  yellow 
dinitrate  of  the  peroxide  ;t  this  is  the  nitrous  turpeth  of  old  wri- 
ters.! 

1410.  Nitrate  of  Oxide  of  Silver,  AgO-fNO»,  116  1  eq.  °ase™J™teof 
-|-  54.15  1  eq.  acid  =  170.15.    Nitric  acid  diluted  with  three  parts 

of  water,  readily  dissolves  silver,  with  the  disengagement  of  N.  If 
the  acid  contain  the  least  portion  of  hydrochloric,  the  solution  will 
be  turbid,  and  deposit  a  white  powder ;  and  if  the  silver  contain 
copper,  it  will  have  a  permanent  greenish  hue ;  or  if  gold,  that  met- 
al will  remain  undissolved  in  the  form  of  a  black  powder  y 

The  solution  should  be  perfectly  clear  and  colourless ;  it  is  caus- 
tic, and  tinges  animal  substances  of  a  deep  yellow,  which,  by  ex- 
posure to  light,  becomes  a  deep  purple,  or  black  stain,  and  is  indeli- 
ble, or  peels  off  with  the  cuticle :  it  consists  of  reduced  silver. 

1411.  It  may  be  obtained  in  transparent  tabular  crystals,  by  evap- Crystal*, 
oration.    These  crystals,  which  are  anhydrous,  undergo  the  igneous 
fusion  at  426°,  and  yield  a  crystalline  mass  on  cooling ;  but  at  600° 

or  700°,  complete  decomposition  ensues,  the  acid  being  resolved  into 

O  and  N,  and  metallic  silver  is  left. 

1412.  When  heated  in  a  silver  crucible  it  fuses,  and  if  cast  into  Lunar 
small  cylinders,  forms  the  lapis  infernalis,  or  lunar  caustic  0fcau»lic- 


*  According  to  Mitscherlich,  it  is  a  sub-salt,  in  which  the  protoxide  and  acid  are  in 
the  ratio  of  203  to  36.   The  neutral  protonitrate  is  said  to  be  obtained  in  crystals,  by 

dissolving  the  former  salt  in  pare  water,  acidulated  with  N,  and  evaporating  sponta- 
neously without  the  contact  of  metallic  mercury  or  uncombined  oxide.  Pog.  Ann. 
ir.  387. 

t  Ann.  de  Ch.  et  Phy$.  xix. 

t  In  preparing  these  salts  for  different  purposes,  great  attention  should  be  paid  to 
the  strength  of  the  acid  employed,  the  temperature,  and  the  relative  proportions,  as 
all  these  circumstances  have  an  important  influence  upon  the  oxidation  of  the  mercn-  • 
ry  and  the  nature  of  the  resulting  salt.  R. 

f  A  very  useful  solvent  of  silver  is  formed  by  dissolving  one  part  of  nitre  in  about  Hitro^iphnrte 
eight  or  ten  parts  by  weight  of  concentrated  sulphuric  acid.  This  compound  (which  acid 
may  be  called  niiro-tuipiuric  acid)  when  healed  to  between  100°  and  200°  F.  dis- 
solves one  fifth  or  one  sixth  its  weight  of  silver,  with  an  extrication  of  nitrous  gas; 
and  leaves  untouched,  any  copper,  gold,  lead,  or  iron,  with  which  the  silver  may  be 
combined.  Hence  it  is  a  most  useful  agent  in  extracting  silver  from  old  plated 
goods.  The  silver  may  be  recovered  from  the  solution  by  adding  common  salt,  and 
the  chloride  of  silver  formed  may  be  decomposed  by  carbonate  of  soda, 
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pharmacy  ;  the  ar genii  nitras  of  the  Pharmacop.  In  forming  ibis 
preparation,  care  should  be  taken  not  to  overheat  the  salt,  and  the 
moulds  should  be  warmed.  When  pure  it  is  white  and  transparent, 
and  does  not  deliquesce  on  exposure  to  the  air  ;  but  common  lunar 
caustic  is  often  dark  and  opaque,  and  dissolves  imperfectly  in  water, 
owing  to  some  of  the  nitrate  being  decomposed  during  its  prepara- 
tion. It  is  impure,  also,  containing  nitrate  of  protoxide  of  copper, 
and  traces  of  gold. 

1413.  The  pure  salt  is  soluble  in  its  own  weight  of  cold  and  in 
half  its  weight  of  hot  water.  It  dissolves  also  in  4  times  its  weight 
of  alcohol.  Its  aqueous  solution,  if  preserved  in  clear  glass  ves- 
sels, undergoes  little  or  no  change  even  in  the  direct  rays  of  the 
sun  ;  but  when  exposed  to  light,  especially  to  sunshine,  in  contact 
with  paper,  the  skin,  or  any  organic  substance,  a  black  stain  is  pro- 
duced, owing  to  decomposition  of  the  salt  and  reduction  of  its  oxide 
to  the  metallic  state.  This  change  is  so  constant,  that  this  salt 
constitutes  an  extremely  delicate  test  of  the  presence  of  organic 
matter.  Its  solution  is  a  delicate  test  also  of  chlorine  and  hydro- 
chloric acid. 

1414.  Sulphur,  phosphorus,  charcoal,  hydrogen,  and  several  of 
the  metals,  decompose  this  nitrate. 

A  few  grains  mixed  with  a  littlo  sulphur,  and  struck  upon  an  anvil  with  a 
heavy  hammer,  produce  a  detonation  ;  phosphorus  occasions  a  violent  explosion 
when  about  hair  a  grain  of  it  is  placed  upon  a  crystal  of  the  nitrate,  upon  an 
anvil,  and  struck  sharply  with  a  hammer;  and  if  heated  with  charcoal,  it  defla- 
grates, and  the  metal  is  reduced. 

If  a  piece  of  silk  dipped  into  a  solution  of  nitrate  of  silver  be  exposed  while 
moist  to  a  current  of  hydrogen  gas,  it  is  first  blackened,  and  afterwards  becomes 
iridescent  from  the  reduction  of  portions  of  the  metal." 

A  stick  of  clean  phosphorus,  introduced  into  a  solution  of  nitrate  of  silver, 
soon  becomes  beautifully  incrusted  with  the  metal,  which  separates  upon  it  in 
arborescent  crystals.  A  plate  of  copper  occasions  a  brilliant  precipitation  of 
silver,  and  the  copper  is  oxidized  and  dissolved  by  the  acid. 

The  precipitation  of  silver  by  mercury  produces  a  peculiar  ar- 
rangement, called  the  arbor  Diana  (1244.) 

1415.  Nitrate  of  silver  is  employed  for  writing  upon  linen  under 
the  name  of  indelible  or  marking  ink,i  and  is  an  ingredient  in  many 
of  the  liquids  which  are  sold  for  the  purpose  of  changing  the  col- 
our of  hair;  but,  when  thus  employed,  it  should  be  very  much  di- 
luted, and  used  with  extreme  caution. 

1416.  White  paper,  or  white  leather,  when  stained  with  a  solution  of  nitrate 
of  silver,  in  the  proportion  of  ten  parts  of  water  to  one  of  the  salt,  undergoes 
no  change  in  the  dark ;  but  when  exposed  to  the  light  of  day,  it  gradually  ac- 
quires colour,  and  passes  through  a  succession  of  changes  to  black.  The  com- 
mon sun-beams,  passing  through  red  glass,  have  very  little  effect  upon  it;  yellow 
and  green  are  more  efficacious ;  but  blue  and  violet  produce  the  most  decidedly 
powerful  effects.  Hence  this  property  furnishes  a  method  of  copying  paintings 
on  glass,  and  transferring  them  to  leather  or  paper.* 


*  See  Mrs  Fulhame's  Essay  on  Combustion. 

t  100  grs.  of  the  nitrate  may  be  dissolved  in  distilled  water,  and  2  or  3  drachms  of 
mucilage  be  added.    The  preparatory  liquid  maybe  made  with  half  an  ounce  of  car- 
bonate of  soda  dissolved  in  2  or  3  ounces  of  water,  adding  half  an  ounce  of  moci'ag* 
This  ink  is  discharged  by  chlorine  and  ammonia. 

t  See  description  of  the  process  by  Wedgwood  in  Nicholson's  Jour.  iii.  167,  and 
Talbot  on  Photogenic  drawing,  Land,  and  Edin.  PhiL  Mag.  xiv. 
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By  a  similar  process,  ivory  may  be  covered  with  silver.    Let  a  slip  of  ivory    Sect- 1.' 
be  immersed  in  a  dilute  solution  of  pure  nitrate  of  silver,  till  the  ivory  has  ac-  ZTj     !  _ 
quired  a  bright  yellow  colour.   Then  remove  it  into  a  tumbler  filled  with  dis-  ?llTcnn8  °* 
nlled  water,  and  expose  it  to  the  direct  light  of  the  sun.    After  two  or  three  ,Voiy' 
hours'  exposure,  it  will  have  become  black ;  but  on  rubbing  it  a  little,  the  sur- 
face will  be  changed  into  a  bright  metallic  one,  resembling  a  slip  of  pure  silver. 
As  the  solution  penetrates  deep  into  the  ivory,  the  bright  surface  when  worn 
away,  is  replaced  by  a  succession  of  others.    H.  2.  124. 

1417.  Nitrites. — Our  knowledge  of  the  compounds  of  nitrous 
acid  with  alkaline  bases  is  imperfect. 

1418.  Chlorates. — The  salts  of  chloric  acid  are  very  analogous  to  chlorates, 
the  nitrates.    As  the  chlorates  of  the  alkalies,  alkaline  earths,  and 

most  of  the  common  metals,  are  composed  of  1  eq.  of  chloric  acid 
and  1  eq.  of  a  protoxide,  MO+C10*,  it  follows  that  the  oxygen  of 
the  latter  to  that  of  the  former  is  in  the  ratio  of  1  to  5. 

1419.  The  chlorates  are  decomposed  by  a  red  heat,  nearly  all  of  Decompo- 
thern  being  converted  into  metallic  chlorides,  with  evolution  of  pure  sedbyneat. 
oxygen  gas.    They  deflagrate  with  inflammable  substances  with 
greater  violence  than  nitrates,  yielding  oxygen  with  such  facility 

that  an  explosion  is  produced  by  slight  causes. 

Mix  a  few  grains  of  sulphur  with  three  times  its  weight  of  chlorate  of  potas-  £xp 
sa,  wrap  the  mixture  in  tin  foil,  and  strike  it  forcibly  upon  an  anvil.*  P' 

1420.  All  the  chlorates  are  soluble  in   water,  and  are  distin-  solubility 
guished  by  the  action  of  strong  hydrochloric  and  sulphuric  acids,  the  ofcblo- 
former  of  which  occasions  the  disengagement  of  chlorine  and  pro- rales" 
toxide  of  chlorine  (641),  and  the  latter  of  peroxide  of  chlorine 
(652).  t. 

1421.  Chlorate  of  Potassa.    This  salt,  formerly  called  oxymuriate  Chlorate  of 

or  hyper-oxymuriate  of  potassa,  is  formed  by  passing  chlorine  potassa. 

through  a  solution  of  potassa.    Chloride  of  potassium  is  one  of  the 

results,  the  other  is  the  chlorate  of  potassa. 

This  salt  is  prepared,  upon  the  large  scale,  by  charging  Woulfe's  bottles  (634  jjow  0\y. 
note),  with  solution  of  carbonate  of  potassa,  and  passing  chlorine  slowly  through  tained. 
it  :t  the  gas  is  absorbed,  and  the  liquor  effervesces  chiefly  from  the  escape  of  car- 
bonic acid ;  when  this  has  ceased,  the  liquor  may  be  put  aside  in  a  cold  dark 
phce  for  about  24  hours,  when  it  will  be  found  to  have  deposited  a  considerable 
portion  of  the  crystallized  chlorate  which  may  be  taken  out,  drained,  and  purified 
by  solution  in  hot  water,  which,  during  cooling  again,  deposits  the  salt  in 
white  crystalline  scales.    The  liquor  is  generally  of  a  pinkish  hue,  from  the  pre- 


1422.  The  crystals  are  four  and  six  sided  scales,  of  a  pearly  lustre.  Crystals. 
Its  forms,  according  to  Brooke,  belong  to  the  oblique  prismatic  sys- 
tem.   It  is  soluble  in  16  times  its  weight  of  water  at  60°,  and  in  two 

and  a  half  of  boiling  water.  It  is  anhydrous,  and  when  exposed  to 
a  temperature  of  400°  or  500°,  fuses.  By  an  increase  of  heat,  nearly 
to  redness,  pure  oxygen  gas  is  disengaged  (365-4). 

1423.  It  acts  very  energetically  upon  many  inflammables.  Action  up- 

Rub  two  grains  into  powder  in  a  mortar,  and  add  one  grain  of  sulphur.    Mix  maMea. 
them  very  accurately,  by  gentle  triture,  and  then,  having  collected  the  mixture  Exp. 

*  This  experiment  requires  caution,  and  is  made  more  safely  by  placing  the  mix- 
tore  under  a  long  bar  of  wood,  fitted  to  a  groove,  which  can  be  driven  down  by  a 
smart  blow.  W. 

t  The  tube  which  is  immersed  in  the  alkaline  solution,  should  be  at  least  half  an 
inch  in  diameter,  to  prevent  its  being  choaked  by  crystals  thai  may  form. 

t  See  another  process  by  Hayes  in  Amer.  Jour.,  xvii.  408. 
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Chap.  V.   to  one  part  of  the  mortar,  press  the  pestle  down  upon  it  suddenly,  and  forcibly 

A  loud  detonation  will  ensue. 
Exp.  Mix  five  grains  of  the  salt  with  half  the  quantity  of  powdered  charcoal  in  a 

similar  manner.  On  triturating  the  mixture  strongly,  it  will  inflame,  especially 
with  the  addition  of  a  grain  or  two  of  sulphur,  but  not  with  much  noise. 

sulfuric       1^24.  When  sulphuric  acid  is  poured  upon  mixtures  of  this  salt 
acid. UnC   and  combustibles,  instant  ignition  ensues  in  consequence  of  the  evo- 
lution of  peroxide  of  chlorine ;  and  when  sulphuric  or  nitric  acids 
are  poured  upon  similar  mixtures  under  water  by  means  of  a  long 
funnel,  inflammation  also  ensues. 


Mix  a  small  quantity  of  sugar  with  half  its  weight  of  tbe  salt,  and  on  the  mix- 
ture pour  a  little  sulphuric  acid.*  A  sudden  and  vehement  inflammation  will  be 
produced. 

Phosphorus  may  be  inflamed  under  the  surface  of  the  water,  by  means  of  this 
salt.  Put  into  a  tall  wine  glass,  one  part  of  phosphorus  with  two  of  the  salt .  fill 
it  nearly  with  water,  and  slowly  pour  in,  by  means  of  a  glass  tube,  reaching  to 
the  bottom,  three  or  four  parts  of  sulphuric  acid.  The  phosphorus  takes  fire,  and 
burns  vividly  under  the  water.  These  experiments  require  caution  lest  the  in- 
flamed substances  should  be  thrown  into  the  eyes.  Oil  may  also  be  thus  in- 
flamed on  the  surface  of  water,  the  experiment  being  made  with  the  omission  of 
the  phosphorus,  and  the  substitution  of  a  little  olive  or  linseed  oil. 

1425.  Chlorate  of  potassa  should  not  be  kept  mixed  with  sulphur 
in  considerable  quantity,  as  the  mixture  may  explode  spontane- 
ously^ 

1426.  A  few  grains  of  chlorate  of  potassa  put  into  a  tea-spoonful 
of  hydrochloric  acid,  and  then  diluted  with  water,  form  an  extempo- 
raneous bleaching  liquor. 

Chlorate  of  1427.  Chlorate  of  Baryta  is  the  compound  employed  in  the  for- 
*******      roation  of  chloric  acid  (667.) 

Process.  The  readiest  mode  of  preparing  it  is,  to  digest  for  a  few  minutes  a  concentrated 
solution  of  chlorate  of  potassa  with  a  slight  excess  of  silicated  hydrofluoric  acid, 
the  alkali  is  precipitated  in  the  form  of  an  insoluble  double  fluoride  of  silicon 
and  potassium,  while  chloric  acid  remains  in  solution.  The  liquid  after  filtra- 
tion is  neutralized  by  carbonate  of  baryta,  which  throws  down  the  excess  of  sili- 
cated hydrofluoric  acid,  and  chlorate  of  baryta  is  left  in  solution 

Crystals.  By  evaporation  it  yields  prismatic  crystals,  requiring  for  solution 
four  times  their  weight  of  cold,  and  a  still  smaller  quantity  of  hot 
water.  They  are  composed  of  76.7  parts  1  eq.  of  baryta,  75.42  I 
eq.  of  chloric  acid,  and  9  or  1  eq.  of  water.    T.  677. 

*  A  mixture  of  this  kind  is  the  basis  of  matches,  lor  the  purpose  of  procuring  instan- 
taneous light-  The  bottle  into  which  they  are  dipped,  contains  concentrated  sulphuric 
acid  which  is  prevented  from  escaping  by  a  quantity  ot  finely  spun  glass  or  the  fibres 
of  amianthus.  30  parts  of  powdered  chlorate  of  potassa,  10  cf  powdered  sulphur,  Sof 
sugar,  5  of  gum  arabic,  and  a  little  cinnabar.  The  sugar,  gum,  and  salt  are  first  nib- 
bed together  into  a  paste  with  sufficient  water;  the  sulphur  is  then  added,  and  the 
whole  being  well  beaten  together,  small  brimstone  matches  are  dipped  in,  so  as  to  retain 
a  thin  coat  of  the  mixture  upon  their  sulphuretted  points. 

A  very  convenient  method  of  obtaining  a  flame,  is  to  dip  the  end  of  a  piece  of  paper 
in  spirits  of  turpentine,  drop  upon  it  a  few  scales  of  the  salt,  and  then  a  drop  of  sul- 
phuric acid. 

One  of  the  compounds  occasionally  employed  in  percussion  gun-locks  contains  this 
salt;  10  parts  of  gunpowder  are  rubbed  with  water,  and  the  soluble  part  poured  off; 
the  remaining  paste  is  then  mixed  with  6$  parts  of  finely  powdered  chlorate  uf  potassa, 
and  a  drop  of  it  put  into  each  of  the  small  copper  caps  adapted  to  the  peculiar  touch- 
hole  of  the  gun.  The  great  disadvantage  of  this  compound  is  that  it  forms  products 
which  corrode  the  touchhole ;  fulminating  mercury  is  preferable. 

t  t  It  was  proposed  by  Berthollet  to  substitute  this  salt  for  nitre,  in  the  preparation 
of  gunpowder  and  the  attempt  was  made  at  Essone  in  1788 ;  but,  as  might  have  been 
expected,  no  sooner  was  the  mixture  of  the  chlorate  with  the  sulphur  and  charcoal 
submitted  to  trituration  than  it  exploded  witb  violence,  and  proved  fatal  to 
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1428.  Perchloraiet.    The  neutral  proto-salu  of  perchloric  acid   *cu  I. 
consist  of  1  eq.  acid  and  base,  as  is  expressed  by  the  formula  MO+  Perchlo- 
C!*0T.    Most  of  these  salts  are  deliquescent,  very  soluble  in  water,  rates- 
and  soluble  in  alcohol.    Heated  to  redness  they  yield  oxygen  gas  Kffcct  of 
and  metallic  chlorides ;  and  they  are  distinguished  from  the  chlorates  heat. 

by  not  acquiring  a  yellow  tint  on  the  addition  of  hydrochloric  acid. 

1429.  The  solubility  in  alcohol  of  the  perchlorates  of  baryta,  soda,  Solubility 
and  oxide  of  silver,  is  a  property  which  the  analytical  chemist  may 

avail  himself  of  in  analysis,  for  the  separation  of  potassa  and  soda 
from  each  other. 

1430.  Chlorites.  The  alkaline  salts  of  chlorous  acid  are  readily  Chlorite*, 
made  by  transmitting  a  current  of  chlorous  acid  gas  into  a  solution 

of  the  pure  alkalies.    They  are  soluble  in  water,  and  are  remarkable 
for  their  bleaching  and  oxidizing  properties.    By  the  latter  proper-  Ret- 
ries and  the  evolution  of  chlorous  acid  on  the  addition  of  any  of  the  niaed. 
stronger  acids  their  presence  is  readily  recognised. 

1431.  Hypochlorites.  The  hypochlorites  may  be  produced  by  the  Hypochlo- 
addition  of  chlorine  gas  on  the  salifiable  bases.    The  most  impor-  rites. 

tant  of  them  is  hypochlorite  of  lime,  the  well  known  bleaching 
powder  (901).  During  absorption  of  the  chlorine,  chloride  of  calci- 
um and  hypochlorite  of  lime  are  produced  in  equivalent  propor- 
tions.* 

1432.  It  is  a  dry  white  powder,  with  the  odour  of  chlorine  and  a  Bleaching 
strong  taste.  It  dissolves  partially  in  water  and  the  solution  bleaches ;  powder, 

it  contains  both  chlorine  and  lime;  the  undissolved  portion  is  hy- 
drate of  lime,  retaining  a  small  quantity  of  chlorine.  The  solution 
is  decomposed  by  exposure,  its  chlorine  being  set  free,  and  carbonate 
of  lime  generated. 

1433.  It  is  largely  employed  in  bleaching,  for  the  purpose  of  re-  Usee, 
moving  offensive  odours,  and  of  arresting  putrefaction. t    With  hy- 
drochlorate  of  ammonia  it  affords  nitrogen  gas  from  the  decomposi- 
tion of  the  ammonia  (420). 

Into  a  small  tubulated  retort  introduce  the  bleaching  salt,  add  sufficient  water 
to  brin£  it  to  the  consistence  of  cream ;  drop  in  lumps  of  the  hydrochlorate  of 
wnmonia ;  effervescence  will  take  place,  and  the  nitrogen  be  disengaged. 

1434.  Iodates.    The  general  character  of  the  iodates  is  similar  to  Iodates, 
that  of  the  chlorates.    In  all  neutral  protiodates  the  oxygen  contained  JJ^'J 
>n  the  oxide  and  acid  is  in  the  ratio  of  1  to  5.    They  deflagrate  with  m 
combustibles,  and  yield  oxygen  gas  at  a  red  heat,  a  metallic  iodide 
remaining. 

1435.  The  iodates  n re  recognised  by  the  facility  with  which  their  R«cog- 
icid  is  decomposed  by  deoxidizing  agents.  Hydrosulphuric  acid  oc- m  ' 
casions  the  formation  of  hydriodic  acid,  by  yielding  hydrogen  to  the 
iodine.  Hence  an  iodate  of  potassa  may  be  converted  into  the  iodide 
by  transmitting  a  current  of  HS  through  its  solution.  The  iodates 
are  very  sparingly  soluble,  or  actually  insoluble  in  water,  excepting 
the  iodates  of  the  alkalies. 

1436.  Iodate  of  Potassa  may  be  procured  by  adding  iodine  to  a  Iodate  oi 
concentrated  hot  solution  of  pure  potassa,  until  the  alkali  is  com 
pletely  neutralized. 

""•Turner.  " 
J  For  details  respecting  its  manufacture,  &c,  see  Ure's  Did.  of  Art*,  &c  .,  and  for 
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The  liquid,  which  contains  an  iodate  and  iodide  is  evaporated  to  dryness  by 
a  gentle  heat,  and  the  residue,  when  cold,  is  treated  by  repeated  portions  of  boil- 
ing  alcohol.  The  iodate,  which  is  insoluble  in  that  menstruum,  is  left,  while 
the  iodide  of  potassium  is  dissolved. 

A  better  process  is  founded  on  the  property  which  iodide  of  potassium  pos- 
sesses, of  absorbing  oxygen  while  in  the  act  of  escaping  from  decomposing  chlo- 
rate of  potassa.    (or  this  purpose, 

Iodide  of  potassium  is  fused  in  a  capacious  Hessian  crucible,  and  when,  after 
removal  from  the  firo,  it  is  yet  semi-fluid,  successive  portions  of  pulverized  chlo- 
rate of  potassa  are  projected  into  it,  stirring  well  after  each  addition.  Tbe  ma- 
terials froth  up  considerably,  and  when  the  action  is  over,  a  white,  opaque, 
cellular  mass  remains,  easily  separable  from  the  crucible;  tepid  water  dissolves 
out  the  chloride  of  potassium,  and  leaves  the  iodate.  Convenient  proportions 
are  one  part  of  iodide  of  potassium  and  rather  more  than  one  and  a  half  of  chlo- 
rate of  potassa.* 

1437.  From  this  salt  all  the  insoluble  iodates  may  be  procured  by 
double  decomposition.  Thus  iodate  of  baryta  may  be  formed  by 
mixing  chloride  of  barium  with  a  solution  of  iodate  of  potassa. 

The  Bromates  have  many  characters  in  common  with  the  chlo- 
rates and  iodates.  T. 

1438.  Phosphates.  As  there  are  three  isomeric  modifications  of 
the  same  acid,  which  have  been  described  under  the  names  of  phos- 
phoric, pyrophosphoric,  and  metaphosphoric  acid  (page  174),  it  is  ne- 
cessary to  have  three  corresponding  families  of  salts,  the  phosphates, 
pyrophosphates  and  metaphosphatesA 

1439.  All  tbe  protophosphates  which  are  neutral  in  composition  are 
soluble  in  water,  and  redden  litmus  paper ;  whence  they  are  com- 
monly called  superphosphates.  The  triphosphates,  except  those 
of  the  pure  alkalies,  are  either  sparingly  soluble  or  insoluble  in  wa- 
ter ;  but  they  are  all  dissolved  by  dilute  nitric  or  phosphoric  acid, 
being  converted  into  the  soluble  phosphates.  All  the  triphosphates 
with  fixed  and  strong  bases  bear  a  red  heat  without  change  ;  but  the 
phosphates  and  diphosphates,  to  judge  from  experiments  on  the  soda 
salts,  are  converted  into  metaphosphates  and  pyrophosphates.  Most 
of  the  phosphates  of  the  second  class  of  metals  are  resolved  into 
phosphurets  by  the  conjoint  agency  of  heat  and  combustible  matter. 

The  phosphates  of  the  alkalies  are  only  partially  decomposed  un- 
der these  circumstances,  and  the  phosphates  of  baryta,  strontia,  and 
lime,  undergo  no  change. 

1440.  The  presence  of  a  soluble  phosphate  may  be  distinguished 
by  the  test  for  phosphoric  acid-t 

The  insoluble  phosphates  are  decomposed  when  boiled  with  a 


TfMof  phoc- 


*Jour.  de  Phar.,  July,  1832 

t  An  equiv.  of  each  of  the  three  acids,  is  a  compound  of  31.4  parts  or  2  eq.  of  pbos- 

{ihorus  +  40  parts  or  5  eq.  of  oxygen  =  71.4,  expressed  by  the  formula  P^O5.  To 
brm  a  salt  neutral  in  composition  1  eq.  of  an  alkaline  base  is  requisite,  and  in  the  case 
of  any  protoxide,  indicated  by  MO,  the  general  formula  will  be  MO+P'O5.  If  2  «j. 
of  a  protoxide  are  united  with  one  of  the  acid,  we  hate  a  disait,  2MO-f-P*Oi;  and  if  3 
eq.  of  a  base  combine  with  1  eq.  of  the  acid,  it  is  a  truaii,  3MO+P-0*.  It  seems  •!» 
that  water  plays  the  part  of  an  alkaline  base  towards  each  of  tbe  three  acids,  either 
alone  or  conjointly  with  another  base;  the  salts  with  such  compound  bases  can 
scarcely  be  viewed  in  the  light  of  double  salts,  since  tbe  two  bases  act  together  as  one 
electro  positive  element. 

t  When  phosphoric  acid  is  neutralized  by  ammonia  and  mixed  with  nitrate  of  oxide 
of  silver,  the  yellow  phosphate  of  that  oxide  subsides,  a  character  by  which  it  m  dis- 
tinguished from  all  acids,  exceptthe  arsenious.   T.  316. 
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strong  solution  of  carbonate  of  potassa  or  soda,  the  acid  uniting  with    Sect-  i. 
the  alkali  so  as  to  form  a  soluble  phosphate;  the  earthy  phosphates  insoluble, 
require  continued  ebullition,  and  should  preferably  be  fused  with  an  dec°«npo- 
alkaline  carbonate,  like  an  insoluble  sulphate,    t.  5  ' 

1441.  Triphosphate  of  Soda.    3NO+P05,  93.9  3  eq.  base  +  T  .  . 
71.4  1  eq.  acid  =  165.3 ;  in  crystals  with  216  or  24  eq.  water  =  soda  ' 
381.3.    This  salt  is  made  by  adding  pure  soda  to  a  solution  of  the  Process, 
succeeding  compound  until  the  liquid  feels  soapy  to  the  fingers,  an 
excess  of  soda  not  being  injurious.    The  liquid  is  then  evaporated 

until  a  pellicle  appears,  and  the  crystals  which  form  on  cooling  are 
quickly  redissolved  in  water  and  recrystallized. 

1442.  The  crystals  are  colourless  six-sided  prisms,  with  a  strong  properties, 
alkaline  taste  and  reaction,  requiring  five  times  their  weight  of  wa- 
ter at  60°  for  solution.    They  fuse  at  170°,  and  may  be  exposed  to 

a  red  heat  without  losing  their  characters  of  a  phosphate.  The 
feeblest  acids  deprive  the  salt  of  one  third  of  its  soda. 

1443.  Triphosphate  of  Soda  and  Basic  Water.     2NaO.HO+  Triphos- 
P  0s,  62  6  2  eq.  soda,  9  I  eq.  water  +  71.4  1  eq.  acid  =  143  ;  in  P^.nd 
crystals  with  216  or  24  eq.  water  =  359,  with  135  or  15  eq.  water  basic  wa- 
=  278.    This  salt  is  the  most  common  of  the  phosphates,  being  SJL,-, 
manufactured  on  a  large  scale  by  neutralizing  with  carbonate  of  soda 

the  acid  phosphate  of  lime  procured  by  the  action  of  sulphuric  acid 
on  burned  bones  (p.  169).  It  is  generally  described  as  the  neutral 
phosphate  of  soda. 

1444.  It  crystallizes  best  out  of  an  alkaline  solution  ;  but  however  crystals, 
prepared  is  always  alkaline  to  test  paper.    The  crystals  effloresce, 

and  require  four  times  their  weight  of  cold,  and  twice  their  weight 
of  hot  water  for  solution. 

1445.  Acid  Triphosphate  of  Soda  and  Basic  Water.  NaO.  2HO  AcidTripb. 
+P*0\  31.3  1  eq.  sod.  18  2  eq.  water  +  71.4  1  eq.  acid  =  120.7  ;  |  and 

in  crystals  with  18  or  2  eq.  water  =  138.7.  This  salt,  commonly  '  w* 
called  biphosphate  of  soda,  may  be  formed  by  adding  phosphoric  acid 
to  a  solution  of  carbonate  of  soda,  or  to  either  of  the  preceding  phos- 
phates, until  it  ceases  to  give  a  precipitate  with  chloride  of  barium.  Crystals. 
Being  very  soluble  in  water,  the  solution  must  be  concentrated  in 
order  that  it  may  crystallize.  This  salt  is  capable  of  yielding  two 
different  kinds  of  crystals  without  varying  its  composition.* 

1446.  Triphosphate  of  Soda,  Otide  of  Ammonium,  and  Basic 
Water,  NaO,.H4NO.  HO+FO5,  31.3  1  eq  soda,  26.15  1  eq.  ox. 
am.  9  1  eq.  water  -j-  71.4  1  eq.  acid  =  137.85  eq. ;  in  crystals 
with  72  or  8  eq.  water  =  209.85.  Prepared  by  mixing  1  eq.  of 
hydrochlorate  of  ammonia  and  2  eq.  of  the  neutral  phosphate  of 
soda,  each  being  previously  dissolved  in  a  small  quantity  of  boiling 
water.    It  has  been  long  known  as  microcosmic  salt,  and  is  much  ^'cmU* 

•  For  which  see  Liebig  and  Turner's  Elan.  684. 

Triphosphate  of  Point na.  3KO+P»0»,  14 1. 45  3  eq.  base  +  71.4  1  eq.  acid  = 
212  85.    Formed  by  adding  caustic  potassa  in  excess  to  a  solution  of  phosphoric  acid. 

Triphosphate  of  Potasta  and  Banc  Hater.  2KO. HO+PO5,  94  3  2  eq.  KO,  9  I  eq. 
HO  -f  71 .4  I  eq.  acid  =  174.7.  Prepared  by  neutralizing  the  superphosphate  of  lime 
from  hones  with  carbonate  of  potassa. 

Acid  Triphosphate  of  Potassa  and  Basic  Water.  KO  2HO+PsO\  47.16  1  eq  pot. 
16  2  eq.  water  +  71.4  I  eq.  acid  =  e  36.53  eq.  Formed  by  adding  pbo*phoric  acid  to 
eartoQste  of  potassa  until  the  liquid  ceases  to  gite  a  precipitate  with  chloride  of  bari- 
um, and  seuxng  aside  to  crystallize. 
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Chap,  v.  employed  in  experiments  with  the  blow-pipe.  When  heated  it  pans 
with  its  water  and  ammonia,  and  a  very  fusible  metaphosphate  of 
soda  remains.* 

Phosphates     1447.  Phosphates  of  Lime.    The  peculiar  compound  called  the 
of  lime,     oone  phosphate^  exists  in  bones  after  calcination,  and  falls  as  a  gela- 
tinous precipitate  on  pouring  chloride  of  calcium  into  a  solution  of 
the  rhombic  phosphate  of  soda,  or  on  adding  ammonia  to  a  solution 
of  any  phosphate  of  lime  in  acids.t 
Triphos-       1448.  Triphosphate  of  Lime  and  Basic  Water,  2CaO.  HO+ 
ph«te,       FO5,  57  2  eq.  lime,  9  1  eq.  water  -f  71.4  1  eq.  acid  =  137.4  eq. 

This  salt  is  commonly  called  neutral  phosphate;  it  falls  as  a 
granular  precipitate  when  the  rhombic  phosphate  of  soda  is  added 
drop  by  drop  to  chloride  of  calcium  in  excess.    The  triphosphate  of 
lime  occurs  in  the  mineral  called  apatite. 
.    .  1449.  Acid  Triphos.  of  Lime  and  Basic  Water,  Ca02HO  + 

phisphate  P'O4,  28.5  1  eq.  lime,  IS  2  eq.  water  +  71.4  1  eq.  acid  =  117.9. 
and  basic   This  is  called  the  biphosphate  from  its  acid  reaction,  and  is  formed 
water.      ^  dissolving  either  of  the  preceding  salts  in  a  alight  excess  of  phos- 
phoric acid.    It  exists  in  the  urine. 

1450.  Triphosphate  of  Magnesia  and  Basic  Water,  is  formed 
by  mixing  hot  saturated  solutions  of  the  rhombic  phosphate  of  sods 
and  sulphate  of  magnesia,  and  separates  on  cooling  in  small  crys- 
tals which  contain  13  eq.  of  water  to  1  of  the  salt. 
Phosphate      1451.  The  phosphate  of  ammonia  and  magnesia,  subsides  as  i 
and  mama-  Pu'veru,enl  granular  precipitate  from  neutral  or  alkaline  solutions, 
,ia.         containing  phosphoric  acid,  ammonia,  and  magnesia.    It  is  readily 
dissolved  by  acids  and  is  sparingly  soluble  in  pure  water,  especially 
when  carbonic  acid  is  present ;  but  it  is  insoluble  in  a  solution  of 
most  neutral  salts,  such  as  hydrochlorate  of  ammonia.    It  consti- 
tutes one  variety  of  urinary  concretions,  according  to  Berzelius  it 
cousists  of 

Phosphoric  acid  71.4      1  eq  PX3s. 

Magneeia  .  41.4      2  eq.  2MgO. 

Ammonia  .       .      34.3      2  eq.  2HsN. 

Water  90       10  eq.  1HO. 

Eff«*  of  1452.  By  a  red  heat  it  loses  its  water  and  ammonia,  and  ike 
keat        residue  is  diphosphate  of  magnesia,  which  contains  36.67  per  cent. 

of  pure  magnesia.    At  a  strong  red  heat  it  fuses,  and  appears  when 

cold  as  a  while  enamel. 

Triphos-        1453.  Triphosphate  of  Oxide  of  Silver  subsides,  of  a  character- 

phaieof  istic  yellow  colour,  (1440)  when  the  rhombic  phosphate  of  soda  is 
silver.  ..... 

mixed  in  solution  with  nitrate  of  oxide  of  silver,  N  being  set  free  at 
the  same  time.    This  salt  is  very  soluble  in  N  and  P,  forming  the 


*  Triphosphate  of  Oxide  of  Am.  and  Basic  Water,  2H«NO  HO  +  P*0»,  52-»  S 
eq.  oi.  Am.  9  t  eq.  water  -f  71.4  I  eq  acid  =  13*2-70  eq.,  formed  by  adding  iow 
ma  to  concentrated  phosphoric  acid  until  a  preciptisie  appears.  On  applri&c  brat, 
the  precipitate  i«»  dissolved,  and  on  abandoning  the  solution  to  itself,  the  oeuirsl  »ait 
crystalliies.  The  crystals  are  oblique  rhombic  prisma,  the  smaller  angle  bnaf  Ms 
30». 

t  Bone  Phosphate  of  Lime,  S0a0+3P*0*,  229  8  eq.  base  +  9 14  J  3  eq.  aoa*  « 
442.2  eq. 

t  Triphosphate  of  Lime,  SCaO+W,  M.6  3  eq.  bast  +  71.4  1  eq.  add  =  1*  • 
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soluble  phosphate  and  in  ammonia.  It  is  blackened  by  exposure  to  Sect.i. 
light.  ^ 

1454.  When  phosphoric  acid,  with  the  aid  of  heat  is  made  to 
combine  with  2  eq.  either  of  water  or  some  fixed  base,  the  modifica- 
tion of  phosphoric  acid,  termed  pyrophosphoric  (569)  is  procured.  Pyrophos. 

Combined  with  bases  it  forms  pyrophosphates*  phates. 

1455.  The  oxides  of  most  metals  of  the  second  class  yield  with 
this  acid  insoluble  or  sparingly  soluble  salts,  which  may  be  pre- 
pared by  double  decomposition  with  dipyrophosphate  of  soda-t 

1456.  Arseniates.  Arsenic  acid  resembles  the  phosphoric  in  com- 
position and  in  many  of  its  properties.  It  forms  tribasic  salts.  Those 
with  2  eq.  of  basic  water  are  soluble  in  water  and  redden  litmus; 
with  1  eq.  of  basic  water,  in  which  the  oxygen  of  the  alkaline  base 
and  acid  is  as  2  to  5,  the  salt  is  usually  called  a  neutral  arseniate. 
When  no  basic  water  is  present,  the  salt  is  usually  described  as  a 


1457.  Many  of  the  arseniates  bear  a  red  heat  without  decomposi-  Effect  of 
tion,  but  they  are  all  decomposed  when  heated  to  redness  along  with  heat* 
charcoal,  metallic  arsenic  being  set  at  liberty. 

The  soluble  arseniates  are  easily  recognised  by  the  tests  for  arsenic  Arteniataa 
(1053),  and  the  insoluble  arseniates,  when  boiled  in  a  strong  solu-  recognised, 
tion  of  the  fixed  alkaline  carbonates,  are  deprived  of  their  acid, 
which  may  then  be  detected  in  the  iwual  manner.    The  free  alkali, 
however,  should  first  be  exactly  neutralized  by  pure  nitric  acid. 

1458.  Arsenites.    The  arsenites  of  potassa,  soda,  and  ammonia,  Arsenites. 
may  be  prepared  by  acting  with  those  alkalies  on  arsenious  acid  ; 

they  are  very  soluble  in  water,  have  an  alkaline  reaction*  and  have  Prop**11*** 
not  been  obtained  in  regular  crystals.  Most  of  the  other  arsenites 
are  insoluble,  or  sparingly  soluble,  in  pure  water  ;  but  tbey  are  dis- 
solved by  an  excess  of  their  own  acid,  with  great  facility  by  N,  and 
by  most  other  acids  with  which  their  bases  do  not  form  insoluble 
compounds.  The  insoluble  arsenites  are  easily  formed  by  double 
decomposition. 

1459.  All  the  arsenites  are  decomposed  when  heated  in  close 
vessels,  the  arsenious  acid  being  either  dissipated  in  vapour,  or  con- 
verted, with  disengagement  of  some  metallic  arsenic,  into  arseniates. 
Heated  with  charcoal  or  black  flux,  the  acid  is  reduced  (1054.) 

1460.  The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  Soluble  ar- 
forming  a  yellow  arsenite  of  oxide  of  silver  when  mixed  with  the  seniles  dis- 
uitrate  of  that  base,  and  a  green  arsenite  of  protoxide  of  copper,  tin*ui,*ied' 
ScheeWs  green,  with  sulphate  of  that  oxide.    When  acidulated  with  ( 
acetic  or  hydrochloric  acid.hydrosulphuric  acid  gas  causes  the  forma-  SJ?"  * 
tion  of  orpiment.    The  insoluble  arsenites  are  all  decomposed  when 

boiled  in  a  solution  of  carbonate  of  potassa  or  soda.    The  arsenite 
of  potassa  is  the  active  principle  of  Fowler* s  arsenical  solution. 

1461.  Ckromates.  The  salts  of  chromic  acid  are  mostly  either  Chromates. 
of  a  yellow  or  red  colour,  the  latter  tint  predominating  whenever 

*  For  which  see  Turner  and  Liebig's  Elem.  687. 

f  For  description  of  MctaphosphaUa  see  T.  and  L.  Elem.  669  ;  and  Graham  in 
Ttom.  IS33,  part  2d. 
44 
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Chap  v.  the  acid  is  in  excess.    The  chromates  of  oxides  of  the  second  class 
Effect  of    of  metals  are  decomposed  by  a  strong  red  heat,  by  which  the  acid  is 
heat>        resolved  into  the  green  oxide  of  chromium  and  oxygen  gas  ;  but  the 
chromates  of  the  fixed  alkalies  sustain  a  very  high  temperature 
without  decomposition.    They  are  all  decomposed  by  the  united 
agency  of  heat  and  combustible  matter.    The  neutral  chromates  of 
bustibl«s    Protoxides  are  similar  in  constitution  to  the  sulphates,  being  formed 
1        of  1  eq.  of  the  base  and  I  of  chromic  acid,  the  formula  being  M0+ 
CrO3. 

1462.  The  chromates  are  in  general  sufficiently  distinguished  by 
their  colour.  They  may  be  known  chemically  by  the  following 
characters  :  on  boiling  a  chromate  in  hydrochloric  acid  mixed  with 
alcohol,  the  chromic  acid  is  at  first  set  free,  and  is  then  decomposed, 
a  green  solution  of  the  chloride  of  chromium  being  generated. 

1463.  Chromates  of  Potassa.    The  neutral  chromate  from  wbich 
of >iawl  RN  tne  compounds  of  chromium  are  directly  or  indirectly  prepared. 

'  is  made  by  heating  to  redness  the  native  oxide  of  chromium  and 
iron,  chromate  of  iron,  with  nitrate  of  potassa  (1077),  when 
chromic  acid  is  generated,  and  unites  with  the  alkali  of  the  nitre. 

1464.  Chromate  of  potassa  has  a  cool,  bitter  and  disagreeable 
taste  ;  it  is  soluble  to  great  extent  in  boiling  water,  and  in  twice  its 
weight  of  that  liquid  at  60° ;  but  it  is  insoluble  in  alcohol.  Ac- 
cording to  Thomson  it  is  neutral  in  composition,  consisting  of  52 
parts  or  1  eq.  of  chromic  acid,  and  47.15  parts  or  1  eq.  of  potassa.* 

1465.  Bichromate  of  Potassa  is  made  in  large  quantity  for  dye- 
mate,       ing,  by  acidulating  the  neutral  chromate  with  sulphuric,  or  still  bet* 

tor  with  acetic  acid,  and  allowing  the  solution  to  crystallize  by 
spontaneous  evaporation.    When  slowly  formed  it  if*  deposited  in 
Crystals.    four.sided  tabular  crystals,  the  form  of  which  is  an  oblique  rhombic 
prism.    They  have  a  rich  red  colour,  are  anhydrous,  and  consist  of 
1  eq.  of  the  alkali,  and  2  eq.  of  chromic  acid.t    They  are  soluble 
in  about  ten  limes  their  weight  of  water  at  60°,  and  the  solution 
reddens  litmus  paper. 
InaolobU       1466.  The  insoluble  salts  of  chromic  acid  such  as  the  chromates 
chromatea.  of  baryta  and  oxides  of  zinc,  lead,  mercury  and  silver,  are  prepared 
by  mixing  the  soluble  salts  of  those  bases  with  a  solution  of  chro* 
mate  of  potassa.    The  yellow  chromate  of  lead  is  much  used  as  a 

oneadn,e  P'£ment'  lt  cons-sts  of  1  eq.  of  acid  and  1  eq.  of  oxide.t 

1467.  Borates.  Boracic  acid  is  a  feeble  acid  and  neutralizes  im- 
perfectly, hence  the  borates  of  soda,  potassa  and  oxide  of  ammo- 
nium hare  always  an  alkaline  reaction.  For  the  same  reason,  when 
the  borates  are  digested  in  any  of  the  more  powerful  acids,  the  bo- 

*  Ann.  of  Philoa.  xri.      t  Thomson. 

t  The  chromate  of  oxide  of  zinc  may  be  used  for  the  same  purpose.  A  dicbronutf 
composed  of  l  eq.  chromic  acid  and  2  eq.  protox.  lead,  may  be  formed  by  boilioathe 
carbonate  of  that  oxide  with  excess  of  chromate  of  potassa.  It  is  of  a  beaouful  red 
colour,  and  haa  been  recommended  as  a  pigment  (Ann.  PkUo$.  xxt.  303.)  It  nay 
also  be  made  by  boiling  the  neutral  chromate  with  ammonia  or  lime  water ;  or  by 
fusing  uitre  at  a  low  red  heat,  and  adding  chromate  of  oxide  of  lead  by  degrees  un- 
til the  nitre  is  nearlv  exhausted.  The  chromate  of  potassa  and  nitre  are  then  re- 
moved by  water,  and  the  dichromate  is  left  crystalline  in  texture,  and  of  a  beautiful 
tint.  (Pog.  An.  xxi.  680.)* 


Borates. 


of  Silver,  mad  of  Cklorid4  of  P.taunm,  —  T.  and  L. 


Digitized  by  Google 


C&f* botvcit €f  q£  1^ * ot asset  • 


347 


racic  acid  is  separated  from  its  base.    But  at  a  red  heat  this  acid    8**-  * 
decomposes  all  salts,  the  acid  of  which  is  volatile. 

1463.  The  borates  of  the  alkalies  are  soluble  in  water,  but  most  Properties, 
of  the  salts  of  this  acid  are  of  sparing  solubility.    They  are  not  de-  to- 
composed  by  heat,  and  the  alkaline  and  earthy  borates  resist  the 
action  of  heat  and  combustible  matter.    They  are  remarkably  fusi- 
ble, a  property  owing  to  the  great  fusibility  of  the  acid  itself. 

1469.  The  borates  are  distinguished  by  the  following  character  :  Distin- 
by  digesting  any  borate  in  a  slight  excess  of  strong  sulphuric  acid,  8»"»hed. 
evaporating  to  dryness,  and  boiling  the  residue  in  strong  alcohol,  a 
solution  is  formed  which  has  the  property  of  burning  with  a  green 
flame. 

1470.  Biborate  of  Soda— Borax.     This  salt,  which  has  been  Borax, 
very  long  known,  is  imported  from  India  in  the  impure  state,  under 

the  name  of  Tincal,  which,  after  being  purified,  constitutes  the 
refined  borax  of  commerce.  It  is  frequently  called  sub-borate  of 
soda. 

1471.  It  crystallizes  in  prisms  of  the  oblique  system,  which  efflor-  Crystals, 
esce  ;  they  require  20  parts  of  cold,  and  6  of  boiling  water,  for  so- 
lution.   Exposed  to  heat  the  crystals  lose  their  water  of  crystalliza- 
tion, fuse,  and  then  form  a  vitreous  substance  called  glass  of  borax. 

The  crystals  are  composed  of  69.8  parts  or  2  eq.  of  acid,  31.3  or 
1  eq.  soda,  aud  90  or  10  parts  of  water. 

1472.  The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation  Use. 
of  boracic  acid.* 

1473.  Carbonates.  The  carbonates  are  distinguished  by  being  de-  Carbon- 

.  -  a*  ,  1    ales,  char- 

composed  with  effervescence,  owing  to  the  escape  of  L>,  oy  nearly  acteraof, 

all  the  acids;  and  all  of  them,  except  the  carbonates  of  potassa,  so- 
da and  lithia,  may  be  deprived  of  their  acid  by  heat.  The  car-bo- 
nates,  of  baryta  and  strontia,  especially  the  former,  require  an  in- 
tense heat  for  decomposition  ;  those  of  lime  and  magnesia  are  re- 
duced to  the  caustic  state  by  a  full  red  heat ;  and  the  other  carbo- 
nates part  with  their  carbonic  acid  when  heated  to  dull  redness. 

1474.  All  the  carbonates,  except  those  of  potassa,  soda  apd  am-  Solubility, 
tnonia,  are  of  sparing  solubility  in  pure  water ;  but  all  of  thejn  are 

more  or  less  soluble  in  an  excess  of  carbonic  acid,  owing  probably 
to  the  formation  of  supersalts.  Several  of  the  carbonates  occur  na- 
ti  ve 

1475.  Carbonate  of  Potassa,  KO+CO1,  47.15  1  eq.  base+22.12  JSJgJ 
1  eq.  acid  =  69  27  eq.    This  is  a  salt  of  great  importance  m  ^ 
many  arts  and  manufactures,  and  is  known  in  commerce  in  differ- 
ent states  of  purity,  under  the  names  of  wood-ash,  pot-ash,  and  pearl- 
ash.    It  is  the  subcarbonate  of  potassa  of  the  U.  S.  Phannacop. 

The  simplest  mode  of  showing  the  absorption  of  carbonic  acid  by  potasaa,  is  KXp. 
the  following :  Fill  a  common  pbial  with  carbonic  acid  gas  over  water ;  and 

*  The  Boracite  of  mineralogists  is  a  biborate  of  magnesia.    A  new  biborate  of  Nrw  bibowu  of 
toda  containing  half  as  much  water  of  crystal  I  ixs  lion  as  the  above,  has  been  des-  «xu 
cribed.   It  is  harder  and  denser  than  borax,  is  not  efflorescent,  and  crystallizes  in  oc- 
lohedrons.    It  is  made  by  dissolving  borax  in  boiling  water  until  the  sp  gr.  of  the 
solution  is  at  30°  or  32°  of  Beaumfe's  hydrometer;  the  solution  is  then  very  slowly 
cooled   and  when  the  temperature  falls  to  about  133°  the  salt  is  deposited     It  is 
f.mnd  to  be  more  convenient  for  the  use  of  jewellers  than  common  borax.   Ann.  de 
Chtm.  et  Phy.  xxxrii.  419. 
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Chap.  V.  when  full,  stop  it  by  applying  the  thumb.  Then  invert  the  bottle  in  a  solution 
of  pure  potassa  contained  in  a  cup,  and  rather  exceeding  in  quantity  what  is 
sufficient  to  fill  the  bottle.  The  solution  will  rise  into  the  bottle,  and  if  the  gu 
be  pure,  will  fill  it  entirely.  Pour  out  the  alkaline  liquor,  fill  the  bottle  with  wa- 
ter, and  again  displace  it  by  the  gas.  Proceed  as  before,  and  repeat  the  process 
several  times.    It  will  be  found  that  the  solution  will  condense  many  times  its 


bulk  of  the  gas  :  whereas  water  combines  only  with  its  own  volume. 

This  experiment  may  be  made  in  a  much  more  striking  manner,  over  mercu- 
ry, by  passing  into  a  jar,  about  three  fourths  filled  with  this  gas,  a  comparative- 
ly small  bulk  of  a  solution  of  pure  potassa,  which  will  condense  the  whole  of  a 
large  quantity  of  the  gas.  If  dry  hydrate  of  potassa  be  substituted  in  this  ex- 
periment, no  change  wilt  ensue  ;  which  proves  that  solution  is  essential  to  the 
action  of  alkalies  on  this  gas.  A  solution  of  potassa,  which  has  condensed  all 
the  carbonic  acid  it  is  capable  of  absorbing,  when  evaporated  to  dryness,  af- 
fords  carbonate  of  potassa.    H.  1.541. 

Effect  of  H76.  This  salt  is  fusible  without  decomposition,  at  a  red  heat : 
it  is  very  soluble  in  water,  and  deliquesces  by  exposure  to  air, 
forming;  a  dense  solution,  once  called  oil  of  tartar  per  deliquium. 
Its  taste  is  alkaline,  and  it  renders  vegetable  blues  green. 

The  solution  of  carbonate  of  potassa  will  be  found  to  have  a 
much  milder  taste  than  the  pure  alkali,  and  no  longer  to  destroy  the 
texture  of  woollen  cloth  ;  but  it  still  turns  to  green  the  blue  infusion 
of  vegetables. 

Sources  of  1477.  The  great  consumption  of  this  article  in  various  manufac- 
tures is  exclusively  supplied  by  the  combustion  of  vegetables,  and 
consequently  its  production  is  almost  limited  to  those  countries  which 
require  clearing  of  timber,  or  where  there  are  vast  natural  forests. 
The  English  market  is  chiefly  supplied  from  North  America.  If 
any  vegetable  growing  in  a  soil  not  impregnated  with  sea-salt  be 
burned,  its  ashes  will  be  found  alkaline  from  the  presence  of  car- 
bonate of  potassa.  If  the  ashes  be  submitted  to  heat,  so  as  to  burn 
away  the  carbonaceous  matter  entirely,  they  become  a  white  mass 
generally  termed  pearl-ash.* 

1478.  Bi-carbonate  of  Potassa,  KO^CO',  47.15  1  eq.  base -j- 
44.24  2eq.  acid  =  91.39  eq. ;  in  crystals  with  9  or  1  eq.  water  = 

100.39.  This  salt  is  formed  by  passing  a  current  of  C  into  a  solu- 
tion of  the  carbonate  ;  or  by  evaporating  a  mixture  of  the  carbonates 
of  ammonia  and  potassa,  the  ammonia  being  dissipated  in  a  pure 
state.  By  slow  evaporation,  the  bicarbonate  is  deposited  from  the 
liquid  in  hyd rated  prisms  with  eight  sides,  terminated  with  dihedral 
summits. 

Properties.  1479.  This  salt  is  milder  than  the  carbonate.  It  does  not  deli- 
quesce on  exposure.  It  requires  4  times  its  weight  of  water  at  60° 
for  solution.  At  a  low  red  heat  it  is  converted  into  the  carbonate. 
Carbonate  1480-  Carbonate  of  Soda,  NaO-f-CO1  31.3  1  eq.  base  22.12  1 
of  soda.  eq.  acid  =  53.42  eq. ;  in  crystals  with  90  or  10  eq.  water  =143.42, 
with  63  or  7  eq.  water  =  U6.42  eq.,  is  chiefly  obtained  by  the  com- 
bustion of  marine  plants,  the  ashes  of  which  afford,  by  lixivialion,  the 
impure  alkali  called  soda.  Two  kinds  of  rough  soda  occur  in  the 
market :  barilla  and  kelp ;  besides  which,  some  native  carbonate  of 
soda  is  also  imported.    Barilla  is  the  semifused  ash  of  the  salsoh 


*  For  ascertaining  the  value  of  different  samples  of  pearlash.  that  is  to  »• 
the  quantity  of  real  carbonate  of  potassa  in  a  given  weight  of  impure  carbonate,  see 
(610.) 
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soda,  which  is  largely  cultivated  upon  the  Mediterranean  shore  s»ct.  f. 
of  Spain,  in  the  vicinity  of  Alicant.  Kelp  consists  of  the  ashes  of 
sea-weeds,  which  are  collected  upon  the  sea  coast  and  burned  m 
kilns,  or  merely  in  excavations  made  in  the  ground  and  surrounded 
by  stones.  It  seldom  contains  more  than  5  per  cent,  of  carbonated 
alkali,  and  about  24  tons  of  sea-weed  are  required  to  produce  one  ton 
of  kelp.  The  best  produce  is  from  the  hardest  Juci,  such  as  the 
serratus,  digitatus,  nodosus,  and  vcsiculosus*  The  rough  alkali  is 
contaminated  by  common  salt,  and  impurities,  from  which  it  may  be 
separated  by  solution  in  a  small  portion  of  water,  filtrating  the  solu- 
tion, and  evaporating  it  at  a  low  heat ;  the  common  salt  may  be 
skimmed  off  as  its  crystals  form  upon  the  surface. t 

1481.  It  crystallizes  in  rhombic  octohedrons,  the  acute  angles  ge-Crystala. 
nerally  truncated.    The  crystals  effloresce,  and  when  heated  dissolve 

in  their  water  of  crystallization.    By  continued  heat  they  are  ren- 
dered anhydrous  without  loss  of  carbonic  acid.    They  dissolve  in  Solub,'My- 
about  two  parts  of  cold,  and  rather  less  than  their  weight  of  boiling 
water;  the  solution  being  alkaline.    The  crystals  usually  contain 
10  eq.  of  water. t 

1482.  Bicarbonate  of  Soda.    NaO+2C08,  31.3  1  eq.  base  +  Bicarbon- 
44.24  2  eq.  acid  =  75.54 ;  in  crystals  with  9  or  1  eq.  water  =  ate' 
84.54  eq.    This  salt  is  made  by  the  same  processes  as  bicarbonate 

of  potassa,  and  is  deposited  in  hydrated  crystalline  grains  by  evapo- 
ration. It  is  milder  than  the  carbonate  and  less  soluble,  requiring 
about  ten  times  its  weight  of  water  at  60°  for  solution.  It  is  con- 
verted into  the  carbonate  by  a  red  heat. 

1483.  Sesquicarbonate,  2NaO.  3CO'-|-4HO,  occurs  native  in  Afri-  Sesquicar- 
ca,  on  the  banks  of  soda  lakes,  and  is  called  Trona.§  bonate. 

1484.  Carbonate  of  Ammonia.    H3N+C,  17.15  1  eq.  base  + 

22.12  1  eq.  acid  =  39.27  eq.    The  only  method  of  obtaining  the  Carbonate 

substance  so  called  is  by  mixing  perfectly  dry  C  and  NH3.    In  what-  Hia*""110 

____________ _— 

♦McCulloch's  Western  Islands,  i.  182. 

tThc  crystals  of  soda-carb.  as  well  as  the  soda-ash  of  G.  B.  are  made  by  the  da- 
com position  of  sea-salt ;  for  a  description  of  ibe  process  see  Ure's  Diet.  Arts  and  Man. 
1151. 

i  The  parity  of  barilla  or  other  carbonates  of  soda,  may  be  ascertained  by  the  alka- 
limeter  (510).  In  the  analysis  of  barilla  and  kelp,  to  ascertain  the  relative  proportion 
of  soda,  it  may  be  useful  to  know  that  100  parts  of  dilute  nitric  acid,  specific  gravity 
1.36.  will  saturate  60  parts  of  dry  carbonate  of  soda,  which  are  equivalent  to  about 
29  of  pure  soda. 

S  Phillips  in  Jour.  Sci.  vii. 

Soda  water  is  a  solution  of  soda  highly  charged  with  carbonic  acid  gas,  whereby  it  Bod*  wsssr. 
acquires  a  sparkling  appearance,  and  agreeable  pungent  taste,  and  certain  medicinal 
powers.    For  a  plan  and  description  of  the  apparatus  see  Ure's  Diet.  Arts  and  Man. 
1156. 

To  make  seltzer  water,  for  each  12  lbs.  Troy  take  55  grs.  carb.  soda,  17  carb.  lime,  Mm*  w*ur. 
18  carb.  magnesia,  3£  subphosphate  alumina,  3  chloride  potassium.  155  chlor.  sodium, 
and  3  of  finely  precipitated  silica,  this  solution  is  charged  with  303  cubic  inches  of 
carb.  acid  gas.    Ibid,  1 155. 

The  disinfecting  soda  liquid  of  Laharraque  ia  prepared  by  the  following  process.  Ubamqaat 
Dissolve  2B00  grains  of  crystallized  carbonate  of  soda  in  1.28  pints  of  water,  having  1 
placed  the  solution  in  a  Woutfe's  apparatus,  pass  through  it  a  current  of  chlorine  gas 
evolved  from  a  mixture  of  957  grains  of  salt,  and  750  of  oxide  of  manganese,  acted 
upon  by  967  grains  of  oil  of  vitriol  previously  diluted  with  750  grains  of  water.  The 
operation  should  be  conducted  slowly. 

For  most  purposes  the  common  bleaching  powder  sprinkled  about  or  dissolved  in 
water  is  quite  as  effectual  and  mora  economical,  but  for  medical  uses  the  preparation 
should  be  more  nicely  attended  to.  See  Qua*.  Jour,  of  Sci. ,  &c.  N.  S.  i.  23«-ii. 
460-iii.  84  ;  and  Amer.  Jour.  &c.  xiv.  251. 
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Ch*p.v.  ever  proportion  the  two  gases  be  mixed,  they  unite  only  in  the  Tstio 
of  1  vol.  of  the  former  to  2  of  the  latter,  and  condense  into  a  white 
powder.  It  is  decomposed  by  water  into  ammonia  and  the  sesqui- 
carbonate. 

Bicarbon-      1485.  Bicarbonate  of  Oxide  of  Ammonium  is  formed  by  traos- 
Al(*e  mining  a  current  of  C  through  a  solution  of  the  common  carbonate 


of  ammonia.  On  evaporating  the  liquid  by  a  gentle  heat,  the  bicar- 
bonate is  deposited  in  small  prisms  of  the  right  rhombic  system, 

having  no  smell,  and  very  little  taste.  It  contains  twice  as  much  C 
as  the  carbonate.  It  cannot  exist  without  the  presence  of  water,  of 
which  it  contains  22.7  percent.,*  or  2  eq.  It  may  therefore  be  con- 
sidered as  carbonate  of  basic  water  and  carbonate  of  oxide  of  ammo- 
nium, or  HO.COH- H4NO.CO«. 
Sesqui-  1486.  St  squi t  arbonat e  of  Oxide  of  Ammonium.  The  common 
carl»onnte^  carbonate  of  ammonia  of  the  shops,  Sub-carbonas  Ammonia  of  the 
Pharmacop.,  is  different  from  both  these  compounds.  It  is  prepared 
by  heating  a  mixture  of  one  part  of  hydrochlorate  of  ammonia  with 
one  part  and  a  half  of  carbonate  of  lime,  carefully  dried.  Double 
decomposition  ensues  during  the  process :  chloride  of  calcium  re- 
mains in  the  retort,  and  hydrated  sesquicarbonate  of  ammonia  is 
sublimed.  The  carbonic  acid  and  ammonia  are,  indeed,  in  proper 
proportion  in  the  mixture  for  forming  the  real  carbonate  :  but,  owing 
to  the  presence  of  water,  generated  by  the  combination  of  the  oxygen 
of  the  lime  with  the  hydrogen  of  the  hydrochloric  acid,  part  of  the 
ammonia  is  disengaged  in  a  free  state. 

1487.  The  salt  thus  formed  consists  of  34.3  parts  or  2  eq  of  am- 
monia, 66.36  parts  or  3  eq.  of  carbonic  acid,  and  18  parts  or  2  eq.  of 
water.    It  is,  therefore,  anhydrous  sesquicarbonate  of  oxide  of  am- 
monium, or  2H,NO-|-3COa.    When  recently  prepared,  it  is  hard, 
compact,  translucent,  of  a  crystalline  texture,  and  pungent  ammoni- 
acal  odour;  but  if  exposed  to  the  air,  it  loses  weight  rapidly  from 
the  escape  of  pure  ammouia,  and  becomes  an  opaque  brittle  mass, 
which  is  the  bicarbonate. 
Carbonate      1488.  Carbonate  of  Baryta,  BaO+CO1,  76.7  1  eq.  base  +  22.12 
of  baryta,   l  eq.  acid  =  98.82  eq.,  occurs  abundantly  in  the  lead  mines  of  the 
north  of  England,  where  it  was  discovered  by  Withering,  and  has 
hence  received  the  name  of  Witherite.    It  may  be  prepared  by  way 
of  double  decomposition,  by  mixing  a  soluble  salt  of  baryta  with  any 
of  the  alkaline  carbonates  or  bicarbonates.    It  is  anhydrous,  exceed- 
ingly insoluble  in  distilled  water,  requiring  4300  times  its  weight  of 
water  at  60°,  and  2300  of  boiling  water  for  solution  ;  but  when  re- 
cently precipitated,  it  is  dissolved  much  more  freely  by  a  solution  of 
carbonic  acid.    It  is  higly  poisonous. 
Carbonate      1489-  Carbonate  of  Slrontia,  SrO+CO*,  51.8  1  eq.  base  -f-  2&I2 
of  atrontia.  1  eq.  acid  =  73.92  eq.,  occurs  native  at  Strontian  in  Argylesbire, 
and  is  known  by  the  name  of  Strontianite ;  it  may  be  prepared  in  the 
same  manner  as  carbonate  of  baryta.  It  is  anhydrous,  and  very  inso- 
luble in  pure  water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 
Carbonate      1490.  Carbonate  of  Lime.    CaO-fCO\  28.5  1  eq.  base  -f  22.12, 
acid  =  50.62  eq.    This  salt  is  a  very  abundant  natural  production 
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and  occurs  under  a  great  variety  of  forms,  such  as  common  limestone,  f. 
chalk,  marble,  and  Iceland  spar,  and  in  regular  anhydrous  crystals, 
the  density  of  which  is  2.7.  Though  sparingly  soluble  in  pure 
water,  it  is  dissolved  by  carbonic  acid  in  excess  ;  and  hence  the 
spring-water  of  limestone  districts  always  contains  carbonate  of  lime, 
which  is  deposited  when  the  water  is  boiled. 

1491.  Lime  has  a  strong  attraction  for  carbonic  acid,  but  not  when  Carbonate. 

perfectly  dry  ;  for  if  a  piece  of  dry  quicklime  be  passed  into  a  jar  of 

carbonic  acid  gas  over  mercury,  no  absorption  whatever  ensues. 

Bat  if  a  bottle,  filled  with  carb.  acid  gas,  be  inverted  over  a  mixture  of  lime  and  £Xp. 
water  of  the  consistence  of  cream,  a  rapid  absorption  will  be  observed,  especially 
if  the  bottle  be  agitated;  or  if  ajar  or  bottle,  filled  with  carbonic  acid,  be  Drought 
over  a  vessel  of  lime  water,  on  agitating  the  vessel,  a  rapid  diminution  will  ensue, 
and  the  lime  water  will  become  milky. 

1492.  When  a  shallow  vessel  of  lime  water  is  exposed  to  the  Action  of 
air,  a  white  crust  forms  on  the  surface,  and  this,  if  broken,  falls  to**r*  ■ 
the  bottom,  and  is  succeeded  by  another  till  the  whole  of  the  lime  is 
precipitated  from  the  solution.    This  is  owing  to  the  absorption  of 
carbonic  acid  gas  from  the  air  by  the  lime,  which  is  thus  rendered 
insoluble  in  water.    Dry  lime,  also,  when  exposed  to  the  atmosphere, 

first  acquires  moisture,  and  having  become  a  hydrate,  next  absorbs 
carbonic  acid.  In  a  sufficient  space  of  time,  all  the  characters  dis- 
tinguishing it  as  lime  disappear,  and  it  acquires  the  property  of 
effervescing  with  acids.  The  strong  affinity  of  lime  for  carbonic  acid 
enables  it  to  take  this  acid  from  other  substances.  Thus  carbonates 
of  alkalies  are  decomposed  by  lime.    h.  i.  687. 

1493.  The  carbonic  acid  existing  in  carbonate  of  lime  is  expelled  Carbonic 
by  a  strong  red  heat.    If  distilled  in  an  earthen  retort,  carbonic  acid  J^J^JJjJj 
gas  is  obtained,  and  lime  remains  in  the  retort  in  a  pure  or  caustic 

state.    By  this  process  carbonate  of  lime  loses  about  45  per  cent. 

1494.  Carbonate  of  Magnesia.  MgO+COa,  20.7  1  eq.  base  +  Carbonate 
22.12  1  eq.  acid  =  42.82  eq.  ;  in  crystals,  with  27  or  3  eq.  water  =  of  magne- 
69.82.    It  is  met  with  occasionally  in  rhombohedral  crystals,  and  in  BlB' 

a  pulverulent  earthy  state,  but  more  commonly  as  a  compact  mineral 
of  an  earthy  fracture  called  magnesite.  It  is  abundant  in  the  East 
Indies,  of  a  snow-white  colour,  of  density  2.56,  and  so  hard  that  it 
strikes  fire  with  steel.*  It  is  obtained  in  minute  transparent  hexa- 
gonal prisms  with  three  eq.  of  water,  when  a  solution  of  bicarbonate 
of  magnesia  evaporates  spontaneously  in  an  open  vessel.  The  crys- 
tals lose  their  water  and  become  opaque  by  a  very  gentle  heat,  and 
even  in  a  dry  air  at  60°.  By  cold  water  they  are  decomposed, 
yielding  a  soluble  bicarbonate,  and  an  insoluble  white  compound 
of  hydrate  and  carbonate  of  magnesia ;  and  hot  water  produces  the 
same  change  with  disengagement  of  carbonic  acid,  without  dissolv- 
ing any  magnesia.! 

1495.  When  carbonate  of  potassa  is  added  in  excess  to  a  hot  solu- 
tion of  sulphate  of  magnesia,  a  white  precipitate  falls,  which  after 
being  well  washed  has  been  long  considered  as  pure  carbonate  of 
magnesia  ;  but  Berzelius  has  shown  that  it  consists  of  the  following 
ingredients  : — 


*  Ann.  of  Philo*.  xvii.  262.  t  Berzelius. 


< 
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ci»p V         r,TS?.ria       M»        ^  Sfirr^  ^b«bl«  formoLi. 

W±"'C ,C,d       IMB        ^  " 4  ll\ M«O"HO+3MgOC0. 

100.00         185.16  or  loq. 

This  compound  is  said  to  require  2493  parts  of  cold,  and  9000  of 
hot  water  for  solution.  It  is  freely  dissolved  by  a  solution  of  carbo- 
nic acid,  bicarbonate  of  magnesia  being  generated  ;  but  on  allowing 
the  solution  to  evaporate  spontaneously,  carbonic  acid  is  given  off, 
and  crystals  of  the  hydrated  carbonate  above  mentioned  are  ob- 
tained. 

Carbonate      1496.  Carbonate  of Protoxide  of Iron.    FeO-f-CO*,  36  1  eq.  base 
of?ron°"dC  ""J"  22-12  1  eq.  acid  =  58.12  eq.    Carbonic  acid,  with  the  protoxide 
of  iron,  constitutes  a  salt  which  is  an  abundant  natural  production, 
occurring  sometimes  massive,  and  at  other  times  crystallized  in 
rhombohedrons.    This  protocarbonate  is  contained  also  in  most  of 
the  chalybeate  mineral  waters,  being  held  in  solution  by  free  carbo- 
nic acid  ;  and  it  may  be  formed  by  mixing  an  alkaline  carbonate 
with  the  sulphate  of  protoxide  of  iron.    When  prepared  by  precipi- 
tation it  attracts  oxygen  rapidly  from  the  atmosphere,  and  the  pro- 
toxide of  iron,  passing  into  the  state  of  sesquioxide,  parts  with 
carbonic  acid.    For  this  reason,  the  carbonate  of  iron  of  the  Phar- 
macop.  is  of  a  red  colour,  and  consists  chiefly  of  the  sesquioxide. 
Dicarbon       1497.  Bicarbonate  of  Protoxide  of  Copper.  2CuO+CO*,  79.2  2 
ate  of  pro-  eq.  base  +  2212  1  eq.  acid  =  101.32  eq.*    It  occurs  as  a  hydrate 
c°Jper°f    'n  lne  beautiful  green  mineral  called  malachite;  and  the  same  com- 
pound, as  a  green  powder,  the  mineral  green  of  pa'mters,  may  be 
obtained  by  precipitation  from  a  hot  solution  of  sulphate  of  protoxide 
of  copper,  by  carbonate  of  soda  or  potassa.    When  obtained  from  a 
cold  solution,  it  falls  as  a  bulky  hydrate  of  a  greenish-blue  colour, 
which  contains  more  water  than  the  green  precipitate.    By  careful 
drying  its  water  may  be  expelled.    When  the  hydrate  is  boiled  for 
a  long  time  in  water,  it  loses  both  carbonic  acid  and  combined  water, 
and  the  colour  changes  to  brown.    The  rust  of  copper,  prepared  by 
exposing  metallic  copper  to  air  and  moisture,  is  a  hydrated  di- 
carbonate. 

The  blue  pigment  called  verditer,  prepared  by  decomposing  ni- 
trate of  protoxide  of  copper  with  chalk,  has  a  similar  composition.! 
Carbon-         1498.  Carbonate  of  Protoxide  of  Lead.    111.6  1  eq.  base  -f- 
ate  of  pro-  22-12  1  eq.  acid  =  133.72  eq.    This  salt,  which  is  the  white  lead 
leadde°f    or  ceruse  °f  painters,  occurs  native  in  white  prismatic  crystals  de- 
rived from  a  right  rhombic  prism,  the  sp.  gr.  of  which  is  6.72.  his 
obtained  as  a  white  pulverulent  precipitate  by  mixing  solutions  of  an 
alkaline  carbonate  with  acetate  of  protoxide  of  lead  ;  and  it  is  pre- 
pared as  an  article  of  commerce  from  the  subacetate  by  a  current  of 


*  In  Malachite  with  9  or  I  eq.  water  eq.  110.32. 

Reiner'*  »*rdi-  *  There  is  a  fine  blue  cupreous  preparation,  called  Refiner's  Verditer,  principally  made 
im.  by  silver  refiners.    It  consists,  according  to  Phillips,  of  three  proportionals  ofoxide, 

four  of  carbonic  acid,  and  two  of  water.  (Quart.  Jour,  of  Sci  iv.  277.) 

According  to  Pelletier,  a  good  verditer  may  be  obtained  as  follows  :  add  a  sufficient 
quantify  of  Time  to  nitrate  o(  copper  to  throw  down  the  oxide  ;  it  gives  a  greenish  pre- 
cipitate that  is  to  l.e  washed  and  nearly  dried  upon  a  strainer ;  then  incorporate  it  with 
from  eight  to  ten  per  cent,  of  fresh  lime,  which  will  give  it  a  blue  colour,  and  dry  it 
carefully.   For  processes  see  lire's  Diet.  Art:  and  Man.  1274. 
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carbonic  acid ;  by  exposing  metallic  lead  in  minute  division  to  air  Sect,  it 
and  moisture ;  and  by  the  action  on  thin  sheets  of  lead  of  the  va- 
pour of  vinegar,  by  which  the  metal  is  both  oxidized  and  converted 
into  a  carbonate. 

1499.  Double  Carbonates.  One  of  the  most  remarkable  of  these  Double  car- 
is  the  double  carbonate  of  lime  and  magnesia,*  which  constitutes  the  bonates. 
minerals  called  bitter-spar,  pearl-spar,  and  Dolomite.  The  two  for- 
mer occur  in  rhombohedrons  of  nearly  the  same  dimensions  as  car- 
bonate of  lime.  Some  specimens  consist  of  the  two  carbonates  in  the 
ratio  of  their  equivalents;  but  this  ratio  is  very  variable,  since  iso- 
raorphous  substances  crystallize  together  in  all  proportions,  t.  &  L.  70C 


Section  II.    Ordered.    Hydro- Salts. 

This  section  includes  those  salts,  the  acid  or  base  of  which  con-  Hydro- 
tains  hydrogen.  The  salts  formerly  called  muriates  or  hydrochlorates  8a"-* 
of  metallic  oxides,  have  been  already  described  as  chlorides  of  metals; 
as  also  those  of  hydriodic  and  other  hydracids;  the  neutralizing 
power  of  the  acids  being  considered  as  due  to  the  direct  union  of  the 
chlorine,  iodine,  &c,  with  the  metal  itself.  Some  of  these  com- 
pounds may  be  more  properly  placed  in  the  fourth  section,  as  in 
them  the  hydracid  acts  rather  as  a  base  or  electro-positive  ingredient, 
than  as  an  acid  or  electro-negative  substance.t 

1500.  The  compounds  of  ammonia  with  the  hydracids  may  be  Ammoni- 
described  as  chlorides  of  the  hypothetical  radical  ammonium.  aca  *  *** 

1501.  Ammoniacal  Salts  are  recognized  by  the  addition  of  pure 
potassa  or  lime,  when  the  odour  of  ammonia  may  be  perceived. 
Those  which  contain  a  volatile  acid  may  in  general  be  sublimed 
without  decomposition  ;  but  the  ammonia  is  expelled  by  heat  from 
those  acids  which  are  much  more  fixed  than  itself. 

1502.  Hydrochlorate  of  Ammonia,  H3N-j-HCl,  17.15  1  eq.  base  Hydrochlo- 
-|-  36.42  1  eq.  acid  =  53.57.    This  salt,  sal  ammoniac  of  commerce,  rat«  .o(  am_ 
was  formerly  imported  from  Egypt,  where  it  is  procured  by  subli-  raoma* 
mation  from  the  soot  of  camel's  dung;  but  it  is  now  manufactured 

by  several  processes.  The  most  usual  is  to  decompose  sulphate  of 
ammonia  by  the  chloride  either  of  sodium  or  magnesium,  when 
double  decomposition  ensues,  giving  rise  in  both  cases  to  hydro- 
chlorate of  ammonia,  and  to  sulphate  of  soda  when  chloride  of  so- 
dium is  used,  and  to  sulphate  of  magnesia  when  chloride  of  mag- 
nesium is  employed.  The  sal  ammoniac  is  afterwards  obtained  in 
a  pure  state  by  sublimation.  The  method  now  generally  used  for 
obtaining  sulphate  of  oxide  of  ammonium  is  to  decompose  with 
sulphuric  acid  the  hydrosulphate  and  hydrocyanate  of  ammonia 
which  is  collected  in  the  manufacture  of  coal-gas ;  but  it  may  also 
be  procured  either  by  lixiviating  the  soot  of  coal,  which  contains 
sulphate  of  oxide  of  ammonium  in  considerable  quantity,  or  by  di- 
gesting with  gypsum  impure  sesquicarbonate  of  oxide  of  ammonium, 
carbonate  of  ammonia,  procured  from  the  destructive  distillation 

*  MgOCOHCaOCO*    60.62  1  eq.  carb.  lime  +  42.82  I  eq.  carb.  mag.  =  93.44  eq. 
t  See  Kane's  obser?ations  in  Dublin  Jour,  of  Sci.  i.  265. 
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354  Salts— Hydro- Salts. 

.  Ch»P-  v-  of  bones  and  other  animal  substances,  so  as  to  form  an  insoluble 
carbonate  of  lime  and  a  soluble  sulphate  of  oxide  of  ammonium. 

1503.  Hydrochlorate  of  ammonia  has  a  pungent  saline  taste,  a 
density  of  1.45,  and  is  tough  and  difficult  to  be  pulverized.  It  is  so- 
luble in  alcohol  and  water,  requiring  for  solution  three  times  its 
weight  of  water  at  60°,  and  an  equal  weight  at  212°.  It  usually 
crystallizes  from  its  solution  in  feathery  crystals,  but  sometimes  in 
cubes  or  octohedrons.  At  a  temperature  below  that  of  ignition  it 
sublimes  without  fusion  or  decomposition,  and  condenses  on  cool 
surfaces  as  anhydrous  salt,  which  absorbs  humidity  in  a  damp  at- 
mosphere, but  is  not  deliquescent.  In  commerce  it  usually  occurs  as 
procured  by  sublimation,  in  white  cakes,  hard  and  somewhat  elastic. 
Native.  1504.  Native  Hydrochlorate  of  Ammonia,  occurs  massive  and 
crystallized,  in  the  vicinity  of  volcanoes,  and  in  the  cracks  and  pores 
of  lava,  near  their  craters.  An  efflorescence  of  native  sal  ammoniac  is 
sometimes  seen  upon  pit-coal.  Its  colour  varies  from  the  admixture 
of  foreign  matter,  and  it  is  frequently  yellow  from  the  presence  of 
sulphur.  It  is  said  that  considerable  quantities  of  native  sal-ammo- 
niac are  also  found  in  the  country  of  Bucharia,  where  it  occurs  with 
sulphur  in  rocks  of  indurated  clay.  The  ancients,  according  to 
Pliny,  called  this  salt  ammoniac,  because  it  was  found  near  the  tem- 
ple of  Jupiter  Ammon,  in  Africa. 

Formation      1505.  This  salt  may  be  produced  di-  Ftgjse. 
illustrated,  rectly  by  means  of  the  apparatus  (Fig. 

186.)    Into  one  of  the  retorts  a  small 

quantity  of  hydrochloric   acid  or  the 

materials  from  which  the  acid  gas  is 

usually  obtained  (628,)  is  introduced; 

and  into  the  other  liquid  ammonia  (or 

the  mixture  of  lime  and  hydrochlo- 
rate of  ammonia  (729.)    The  evolved 

gages  passing  into  the  globe  unite 

producing  dense  clouds  of  hydrochlorate  of  ammonia  which  concrete  upon  the 

inner  surface. 

We  may  also  form  it  by  mixing  over  mercury,  equal  measures  of  ammoniac*! 
gas,  and  hydrochloric  acid  gas,  which  arc  entirely  condensed  into  a  white  solid. 

U»e»>  1506.  Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  purposes, 

especially  in  certain  metallurgic  operations.  It  is  used  in  tinning, 
to  prevent  the  oxidation  of  the  surface  of  copper;  and  small  quan- 
tities are  used  by  dyers.  Dissolved  in  nitric  acid,  it  forms  the  aqua 
regia  of  commerce,  used  for  dissolving  gold,  instead  of  a  mixture  of 
nitric  and  hydrochloric  acids  (637.)* 
Hydroflu-  1507.  Hydrofluate  of  Ammonia,  H3N+HF,  36.83  eq.  It  is  pre- 
coma *m  parec*  by  mixin£  1  Part  of  sa^  ammoniac  with  2i  of  fluoride  of  so- 
dium, both  dry  and  in  fine  powder,  gently  heating  the  mixture  in 
a  platinum  vessel,  and  receiving  the  sublimed  salt  in  a  second  pla- 
tinum vessel,  the  temperature  of  which  is  not  allowed  to  exceed 
212°. 

Hydrosul-      1509.  Hydrosulphate  of  Ammonia,  H3N+HS,  17.15  1  eq.  base 

ammonia.  +  171  1  «*  acid  =  34  25«  This  salt.  also  cal,ed  hydrosulphuret 
of  ammonia,  and  formerly  the  fuming  liquor  of  Boyle,  is  prepared 
by  heating  a  mixture  of  one  part  of  sulphur,  two  of  sal  ammoniac, 

*  Hydriodaie,  H'N+HI,  17.16  base  +  127.3  1  eq.  acid  =  144.45  eq.,  aod  Hydro 
bromate  of  ammonia,  may  be  formed  by  similar  processes. 
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and  two  of  unslaked  lime.  The  volatile  products  are  ammonia  and 
hydrosulphate  of  ammonia ;  and  the  fixed  residue  consists  of  sul- 
phate of  lime  with  chloride  and  sulphuret  of  calcium.  The  hy- 
drosulphuric  acid  is  formed  from  the  hydrogen  of  hydrochloric  acid 
uniting  with  sulphur,  and  the  oxygen  of  the  sulphuric  acid  is  de- 
rived from  decomposed  lime,  the  calcium  of  which  is  divided  be- 
tween the  chlorine  of  the  hydrochloric  acid  and  the  sulphur.  Hy- 
drosulphate of  ammonia  may  also  be  formed  by  the  direct  union  of 
its  constituent  gases,  and  if  they  are  mixed  in  a  glass  globe  kept 
cool  by  ice,  the  salt  is  deposited  in  crystals.  It  is  much  used  as  a 
reagent,  and  for  this  purpose  is  usually  prepared  by  saturating  a  so-  **' 
lution  of  ammonia  with  hydrosuiphuric  acid  gas.* 

1509.  Salts  of  Phosphuretted  Hydrogen.  Phosphuretted  hydro- 
gen is  a  feeble  alkaliue  base,  which  combines  with  some  of  the  hy- 
dracids. 

The  salt  best  known  is  the  hydriodale  of  phosphuretted  hydrogen, 
first  noticed  by  Gay-Lussac,  which  is  formed  of  127.3  parts  or  1  eq. 
of  acid  and  34.4  parts  or  1  eq-  of  base,  and  crystallizes  in  cubes. 


m. 


Section  III.    Order  3d.    Sulphur- Salts. 

The  compounds  described  in  this  section  are  double  sulphurets,  sulphur- 
just  as  the  oxy-salts  in  general  are  double  oxides.  Their  resem- 
blance in  composition  to  salts  is  perfect.  The  principal  sulphur-ba- 
ses are  the  protosulphurets  of  potassium,  sodium,  lithium,  barium, 
strontium,  calcium,  and  magnesium,  and  hydrosulphate  of  ammo- 
nia ;  and  the  principal  sulphur-acids  are  the  sulphurets  of  arsenic, 
antimony,  tungsten,  molybdenum,  tellurium,  tin,  and  gold,  together 
with  hydrosuiphuric  acid,  bisulphuret  of  carbon,  and  sulphuret  of 
selenium.  The  sulphur-salts  with  two  metals  are  so  constituted, 
that  if  the  sulphur  in  each  were  replaced  by  an  equivalent  quantity 
of  oxygen,  an  oxy-salt  would  result.  The  analogy  between  oxy- 
salts  and  sulphur-salts  is  rendered  still  closer  by  the  circumstance 
that  hydrosuiphuric  and  hydrosulphocyanic  acids  have  the  charac- 
teristic properties  of  acidity,  and  unite  both  with  ammonia  and  with 
sulphur- bases. 

The  sulphur-salts  may  be  divided  into  families,  characterized  by 

Fif.  187. 


sulphur- 


*  Fi£.  187,  represents  the 
disposition  of  the  apparatus 
for  this  process  :  a,  a  small 
furnace  ;  o,  a  tubulated  earth- 
ern  retort  containing  the  a- 
bove  materials  •,  c,  an  adap- 
ting tube ;  e,  a  glass  balloon 
for  condensing  the  vapour; 
ft  a  receiver ;  g,  a  bottle  of 
water,  into  which  the  glass 
tube,  issuing  from  the  upper 
part  of  the  receiver,  e,  is 
made  to  dip  about  half  an 
inch  The  product  in  the 
bottle  f  mav  be  mixed  with  the  water  in  g,  and  the  whole  used  for  washing  out  the 
receiver  e.  It  is  retained  in  the  pharmacopeeia,  and  may  be  extemporaneously  made 
bypass"*  hydrosuiphuric  acid  gas  from  an  oil  flask  with  a  bent  tube  |mto  aqua  am- 
kept  cold. 
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Ch*p.  v.  containing  the  same  sulphur-acid.  For  the  purpose  of  indicating 
that  such  salts  are  double  sulphurets,  as  well  as  to  distinguish  them 
readily  from  other  kinds  of  salts,  the  generic  name  of  each  family 
may  be  constructed  from  the  sulphur-acid  terminated  with  sulphuret. 
Thus  the  salts  which  contain  persulphuret  of  arsenic  or  hydrosul- 
phuric  acid  as  the  sulphur-acid  are  termed  arsenio-ndphurets  and 
hydro-stdphurets  ;  and  a  salt  composed  of  each  of  these  sulphur- 
acids  with  sulphuret  of  potassium  is  termed  arsenio-sulphuret  and 
hydro-sulphuret  of  sulphuret  of  potassium.  For  the  sake  of  brevity 
the  metal  of  the  base  may  alone  be  expressed,  it  being  understood 
that  the  positive  metal  in  a  sulphur-salt  enters  as  a  protosulphuret 
into  the  compound. 
Hvdro-  1510.  Hydro- Sidphurets.  The  sulphur-salts  contained  in  this 
•ulphureta.  group  ijave  hydro-sulphuric  acid  for  their  electro-negative  ingredient. 

Most  of  them  which  have  been  studied  are  soluble  in  water,  and 
may  be  obtained  in  crystals  by  evaporation.  They  are  decomposed 
by  exposure  to  the  air,  yielding  at  first  bisulphurets  of  the  metal, 
and  then  a  hyposulphite.  By  acids  the  hydrosulphuric  acid  is  ex- 
pelled with  effervescence. 
SSKf1"  151 1  Hydro-sulphuret  of  Potassium,  KS+HS,  55.25  1  eq.  sul- 
potassium.  pkur-base  +  17.1  1  eq.  sulphur  acid  =  72.35  eq.  This  salt  is  ob- 
tained in  the  anhydrous  state  by  introducing  anhydrous  carbonate 
of  potassa  into  a  tubulated  retort,  transmitting  through  it  a  current 
of  hydrosulphuric  acid  gas,  and  heating  the  salt  to  low  redness. 

Process.  Tho  same  salt  if  prepared  in  the  moist  way  by  introducing  a  solution  of  pure 
potassa,  free  from  carbonic  acid,  into  a  tubulated  retort,  expelling  atmospheric 
air  by  a  current  of  hydrogen  gas,  and  then  saturating  the  solution  with  hydro- 
sulphuric acid.  At  first  the  potassa,  as  in  the  former  process,  interchanges  ele- 
ments with  the  gas,  yielding  water  and  protosulphuret  of  potassium;  after 
winch  the  protosulphuret  unites  with  hydrosulphuric  acid.  The  solution 
should  be  evaporated  in  the  retort  to  the  consistence  of  syrup,  a  current  of  hy- 
drogen gas  being  transmitted  through  the  apparatus  the  whole  time;  and  on 
cooling  the  salt  crystallizes  in  large  four  or  six  sided  prisms,  which  are  colour- 
less if  air  was  perfectly  excluded. 

ptt'of1'  u1512'  HydrosulPhur^  of  Barium,  BaS+HS,  84.8  1  eq.  sulphur 
barium.     °ase, -}- 17.1  acid  =  101.9  eq.    It  is  prepared  by  the  action  of 
hydrosulphuric  acid  on  a  solution  of  baryta  with  the  precautions  al- 
ready mentioned  for  excluding  atmospheric  air,  and  crystallizes  by 
evaporation  in  four-sided  prisms,  which  are  very  soluble  in  water.* 

Sfe.1  ,1513'  Carbo-sulphurets.  The  acid  of  these  sulphur-salts  is  bi- 
sulphurets. suiphuret  of  carbon  * 

phum  of '  J0514'  Carbo-sulphuret  of  Potassium,  KS+CS',  55.25  sulphur  + 
38  32  sulphur  acid  =  93.57  eq.  On  agitating  bisulphuret  of  car- 
bon with  a  strong  alcoholic  solution  of  protosulphuret  of  potassium, 
the  liquid  when  set  at  rest  separates  into  three  layers,  the  lowest  of 
which  is  carbo-sulphuret  of  potassium,  and  is  of  the  consistence  of 
syrup.  Another  process  is  to  digest  bisulphuret  of  carbon  at  86° 
in  a  corked  bottle  full  of  a  strong  aqueous  solution  of  proto- 
sulphuret of  potassium,  until  the  latter  is  saturated.  A  concen- 
trated solution  of  this  salt  is  of  a  deep  orange,  almost  red  colour; 

713  For  olher  nydrosulphurett  and  carbo-sulphurets  see  Turner  and  Liebig's  EUm. 
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and  when  evaporated  at  86°  to  the  consistence  of  syrup,  a  deliques-    Sect- Hi. 
cent  yellow  crystalline  salt  is  deposited,  which  is  sparingly  soluble 
in  alcohol. 

1515.  Carbo-sulphuret  of  Hydrosulphate  of  Ammonia,  ( H3N-J-  Carbo-sul- 
HS)  4-  CSJ,  34.25  1  eq.  sulphur  +  38.32  1  eq.  sulphur  acid  =  fc^f. 
72.57  eq.    This  salt  is  prepared  by  filliug  a  bottle  with  10  mea-  phate  of 
sures  of  nearly  absolute  alcohol  saturated  with  ammoniacal  gas  and  ammonia. 
I  measure  of  bisulphuret  of  carbon,  and  inserting  a  tight  cork.    As  Process, 
soon  as  the  liquid  has  acquired  a  yellowish  brown  colour,  the  bottle 

is  plunged  into  ice-cold  water,  when  the  carbo-sulphuret  is  deposited 
either  in  yellow  penniform  crystals  or  as  a  crystalline  powder.  The 
whole  is  thrown  upon  a  linen  filter,  and  the  salt  after  being  washed 
first  with  absolute  alcohol  and  then  with  ether,  is  dried  by  pressure 
within  folds  of  bibulous  paper. 

1516.  This  salt  is  very  volatile  and  can  only  be  preserved  in  well  Volatile, 
corked  bottles.    Exposed  to  the  air  it  absorbs  humidity  and  ac- 
quires a  red  colour. 

1517.  Arsenio-sulphiirets     Berzelius  finds  that  each  of  the  three  Arseoio- 
sulphurets  of  arsenic  (page  276)  is  capable  of  acting  as  a  sulphur-  »ulphuret*. 
acid,  giving  rise  to  three  distinct  families  of  sulphur-salts,  distin- 
guishable by  the  terms  arsenio-persulphurets,  arsenio-sesquisulphur- 

ets,  and  arstnio-protosulphurets. 

1518.  Persulphuret  of  Arsenic,  is  a  very  powerful  sulphur-acid, 
violently  displacing  hydrosulpburic  acid  from  its  combinations  with 
sulphur-bases, even  at  common  temperatures ;  and  when  digested  with 
earthy  or  alkaline  carbonates,  it  expels  carbonic  acid.  The  salts 
of  this  sulphur-acid  may  be  prepared  by  several  methods.* 

1519.  Most  of  the  arsenio-persulphurets  of  the  second  class  of  Characters, 
metals  are  insoluble ;  but  those  of  the  metals  of  the  alkalies  and  al- 
kaline earths  are  very  soluble  in  water,  have  a  lemon-yellow  colour 

in  the  anhydrous  state,  and  are  colourless  when  combined  with  water 
of  crystallization  or  in  solution.  When  exposed  to  heat  in  close 
vessels  they  give  off  sulphur,  and  an  arsenio-sesquisulphuret  is  gene- 
rated. In  the  solid  state  they  are  very  permanent  in  the  air,  and 
even  in  solution  oxidation  takes  place  with  great  slowness.  When 
decomposed  by  an  acid,  persulphuret  of  arsenic  subsides,  hydrosul- 
pburic acid  gas  escapes,  and  a  salt  of  the  alkali  is  generated. 

Tho  salts  in  which  sesquisulphuret  of  arsenic  acts  as  an  acid,  re- 
semble those  of  the  persulphuret  both  in  their  general  characters  and 
mode  of  formation. 

1520.  Molybdo- Sulphur ets.  The  electro-negative  ingredient  ofM0|«bdo. 
these  salts  is  the  tersulphuret  of  molybdenum,  and  the  most  remark-  sulphurets. 
able  of  them  is  the  molybdo-sulphuret  of  potassium,  which  is  readily 
formed  by  decomposing  with  hydrosulphuric  acid  gas  a  rather  strong 
solution  of  molybdate  of  potassa.  If  no  iron  is  present,  the  liquid 
acquires  a  beautiful  red  colour,  like  the  solution  of  bichromate  of 
potassa,  and  on  evaporation  prismatic  crystals  with  four  and  eight 

sides  are  deposited.  Berzelius  describes  this  compound  as  one  of 
the  most  beautiful  which  chemistry  can  produce ;  the  crystals,  by 
transmitted  light,  are  ruby-red,  and  their  surfaces,  while  moist  with 


*  For  which  see  Turner  and  Liebig's  Elem.  716. 
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c*»«p.  V-  the  solution  which  yielded  them,  shine  like  the  wings  of  certain 
insects  with  a  metallic  lustre  of  a  rich  green  tint.  The  crystals  are 
anhydrous,  dissolve  readily  in  water,  but  are  insoluble  in  alcohol. 
On  the  addition  of  sulphuric  or  any  of  the  stronger  acids,  a  salt  of 
potassa  is  generated  with  escape  of  hydrosulphuric  acid,  and  preci- 
pitation of  tersulphuret  of  molybdenum. 
Aniimonio-  1521.  Antimonio- Sulphur ets.  When  two  parts  of  carbonate  of 
sup  urets.  p0tassa  are  intimately  mixed  with  four  of  sesquisulphuret  of  antimo- 
ny and  one  part  of  sulphur,  and  the  mixture  is  fused,  an  antimonio- 
persulphuret  of  potassium  is  generated.  On  digesting  in  water,  a 
subantimonio-persulphuret  is  dissolved,  and  is  deposited  by  gentle 
evaporation  in  large  colourless  tetrahedrons,  which  become  yellow  on 
exposure  to  the  air. 

Tun«to.  1522.  Tungsto-  Sulphurets.  The  best  known  of  these  salts  is  that  of 
sulphoreu.  p0tassjum|  m  which  tersulphuret  of  tungsteu  is  combined  with  pro- 
tosulphuret  of  potassium.  It  is  formed  when  a  solution  of  tungstate 
of  potassa  is  decomposed  by  hydrosulphuric  acid,  and  crystallizes  by 
evaporation  in  flat  quadrilateral  prisms,  which  are  anhydrous,  and 
are  of  a  pale  red  colour. 

Section  IV.    Order  4th.  .  Haloid  Salts. 

Haloid  1523.  Under  this  order  are  included  substances  composed  like  the 
•alts.  preceding  salts  of  two  bi-elementary  compounds',  one  or  both  of  which 
are  analogous  in  composition  to  sea-salt.  The  principal  groups 
consist  of  double  chlorides,  double  iodides,  and  double  fluorides.  In 
these  the  haloid  bases  belong  usually  to  the  electro-positive  metals, 
and  the  haloid  acids  to  the  metals  which  are  electro-negative.  The 
same  principles  of  nomenclature  are  applied  to  them  as  to  the  sul- 
phur salts. 

Hydrargo-  1524.  Hydrar  go-chlorides.  The  haloid  acid  of  this  family  is 
c  on  es*  bichloride  of  mercury,  which  reddens  litmus  paper,  and  loses  the 
property  when  a  haloid  base  is  present,  thus  bearing  a  close  analogy 
to  ordinary  acids.  They  are  obtained  by  mixing  the  ingredients  in 
the  ratio  for  combining,  and  setting  aside  the  solution  to  crystallize. 
The  ammoniacal  salt  has  long  been  known  under  the  name  of  salt 
of  ahmbroth. 

Auroxhlo-     1525.  Auro-cklorides.    The  electro-negative  ingredient  of  these 
rides.       salts  is  the  terchloride  of  gold.    They  are  prepared  by  mixing  the 
chlorides  in  atomic  proportions  and  setting  aside  the  solution  to  crys- 
tallize.   Most  of  them  have  an  orange  or  yellow  colour,  and  consist 
of  single  equivalents  of  their  constituent  chlorides. 
Platioo-        1526.  Platino-chlorides.    Both  the  protochloride  and  bichloride  of 
chlorides,  platinum  act  as  haloid  acids.    The  platino-protochloride  of  potassium 
is  made  by  mixing  chloride  of  potassium  with  a  solution  of  proto- 
chloride of  platinum  in  hydrochloric  acid.    It  crystallizes  in  red,  an- 
hydrous prisms  and  consists  of  single  equivalents  of  its  constitu- 
ent chlorides. 

1527.  The  Platino-bichloride  of  Hydrochlorate  of  Ammonia  falls 
as  a  lemon-yellow  powder,  when  sal  ammoniac  is  mixed  with  a 
strong:  solution  of  bichloride  of  platinum, 
fhiorife.      1528.  Palkdio-chlorides  are  those  in  which  the  chlorides  of  palla- 
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dium  act  as  haloid  acid«,  combining  with  many  of  the  metallic  chlo-  gect.  iv. 
rides,  when  their  respective  solutions  are  mixed  and  evaporated. 

1529.  Rhoduxhlorides  are  formed  when  sesquichloridc  of  rho-  Rhodio- 
dium  combines  with  the  chlorides  of  potassium  and  sodium.  chlorides. 

The  chlorides  of  iridium  and  osmium  act  as  haloid  acids  and  pro- 
duce iridio-chlorides  and  osmio-chlorides. 

1530.  Oxy -chlorides.  Chemists  are  acquainted  with  a  considera-  Oxy-chlo- 
ble  number  of  compounds  in  which  a  metallic  oxide  is  united  with  rides. 

a  chloride  either  of  the  same  metal,  which  is  the  most  frequent,  or 
of  some  other  metal.  These  compounds  are  commonly  termed  sub- 
muriates,  on  the  supposition  that  they  consist  of  hydrochloric  acid 
combined  with  two  or  more  eq.  of  an  oxide. 

1531.  Oxy-chlorides of  Iron.    When  the  crystallized  protochloride  Oxy-chlo- 
of  iron  is  heated  without  exposure  to  the  air,  the  last  portions  of  its  ndes  of 
water  exchange  elements  with  part  of  the  chloride  of  iron,  yielding  won" 
hydrochloric  acid,  which  is  evolved,  and  protoxide  of  iron.  On 
raising  the  heat  so  as  to  expel  the  pure  chloride  of  iron,  a  deep  green 
oxy-chloride  in  scaly  crystals  remains.* 

1532.  The  ochreous  matter  which  falls  when  a  solution  of  the 
protochloride  of  iron  is  exposed  to  the  air,  is  hydrated  sesquioxide  of 
iron  combined  with  some  sesquichloride.  A  similar  hydrate  is  ob- 
tained by  mixing  with  a  solution  of  the  sesquichloride  of  iron  a 
quantity  of  alkali  insufficient  for  complete  decomposition.  When  a 
solution  of  the  sesquichloride  is  evaporated  to  dryness  without  expo- 
sure to  the  air,  the  last  portions  of  water  exchange  elements  with  the 
sesquichloride,  hydrochloric  acid  is  disengaged,  and  after  subliming 
the  pure  anhydrous  sesquichloride,  a  compound  in  large,  brown, 
shining  laminae  is  left,  which  consists  of  sesquioxide  and  sesquichlo- 

ie  of  iron.t 

1533.  Oiy-chloride  of  Copper  falls  as  a  green  hydrate  when  po-  Oxy-chlo- 
ssa  is  added  to  a  solution  of  chloride  of  copper  insufficient  for  its  ride8  of 

complete  decomposition.    When  its  water  is  expelled  it  becomes  of copper' 
a  liver-brown  colour.    According  to  Berzelius  it  consists  of  1  eq. 
chloride  and  3  eq.  oxide  of  copper. 

1534.  It  is  used  as  a  pigment  under  the  name  of  Brunswick  green,  Brunswick 
being  prepared  for  that  purpose  by  exposing  metallic  copper  to  hy- 
drochloric  acid  or  a  solution  of  sal-ammoniac.    The  same  compound 

is  generated  during  the  corrosion  of  copper  in  sea-water. 

1535.  Oxy-chloride  of  Lead  is  prepared  by  adding  pure  ammonia  Oxy-chlo- 
to  a  hot  solution  of  chloride  of  lead.    Another  is  known  under  the  fide  of 
name  of  mineral  or  patent  yellow,  and  is  prepared  by  the  action  ofp 

moist  sea-salt  on  litharge,  by  which  means  portions  of  the  protoxide  i^11  ye  * 
and  sea-salt  exchange  elements,  yielding  soda  and  chloride  of  lead. 
After  washing  away  the  alkali,  the  mixed  oxide  and  chloride  are 
dried  and  fused. 

1536.  Chlorides  with  Ammonia.    The  perchlorides  of  tin  and  a  Chlorides 
few  other  metals  absorb  ammonia  at  common  temperatures,  and  most  ajn* 
of  the  other  chlorides  absorb  it  when  gently  warmed.  Calomel 
absorbs  half  an  equiv.  and  forms  a  black  compound,  but  on  exposure 
to  the  air  the  ammonia  flies  off,  and  pure  white  calomel  remains. 

♦Berzelius.  t  Ibid. 
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Ch»p  v.  Corrosive  sublimate,  by  the  aid  of  heat,  rapidly  absorbs  half  an  eq. 
and  forms  a  white  compound  which  is  insoluble  in  water,  and  bears 
a  considerable  temperature  without  decomposition  ;  the  white  preci- 
pitate of  pharmacy  is  probably  analogous  in  nature,  though  the  ratio 
of  its  ingredients  is  different. 

1537.  Most  of  these  compounds  lose  their  ammonia  by  mere  ex- 
posure to  the  air,  and  it  is  expelled  from  nearly  all  of  them  by  a 
very  moderate  heat. 
Chlorides       1538.  Chlorides  with  phosphuretted  hydrogen.    Rose  has  traced  a 
with  pbos-  remarkable  analogy  between  ammonia  and  phosphuretted  hydrogen, 
j^dro1  en    especially  in  the  compounds  which  they  form  with  metallic  chlorides. 

The  phosphuretted  hydrogen  is  readily  displaced  by  water,  or  a  so- 
lution of  ammonia,  from  the  compounds  of  phosphuretted  hydrogen 
and  the  perchlorides  of  tin,  titanium,  antimony,  iron,  and  alumina, 
all  of  which  correspond  to  ammoniacal  chlorides  of  similar  composi- 
tion. 

Double  io-  1539.  Double  Iodides.  These  compounds  have  not  yet  been 
dides.  closely  studied  ;  but  there  is  no  doubt  that  the  iodides  are  capable  of 
forming  with  each  other  an  extensive  series  of  compounds.  A  vari- 
ety of  double  iodides  have  been  described  by  Boullay,  and  among 
them  a  compound  of  biniodide  of  mercury  and  hydriodic  acid.*  In 
general  the  double  hydrargo-biniodides  contain  single  equivalents  of 
the  respective  iodides.  Liebig  obtained  a  compound  of  the  bichlo- 
ride and  biniodide  of  mercury,  consisting  of  two  eq.  of  the  former  to 
one  eq.  of  the  latter,  as  indicated  by  the  formula,  Hgla+2HgCI*. 

Several  compounds  of  biniodide  of  platinum  with  other  iodides 
have  been  studied  by  Kane  and  Lassaigne.t 
Platino         1540.  Platino-biniodide  of  Potassium,  is  prepared  by  digesting  an 
hiniodide  of  excels  of  biniodide  of  platinum  in  a  rather  concentrated  solution  of 
potassium,  iodide  of  potassium.    By  spontaneous  evaporation  it  crystallizes  in 
small  rectangular  plates  surmounted  sometimes  with  a  four-sided 
pyramid,  which  are  anhydrous,  unchanged  in  the  air,  and  insoluble 
in  alcohol.    The  colour  of  the  crystals  is  black  with  a  metallic  lustre, 
and  they  yield  a  deep  claret-coloured  solution  with  water.  The 
biniodide  of  platinum  appears  to  combine  also  with  the  iodide  of  pla- 
tinum ;  but  the  compound  has  only  been  obtained  in  solution. 
Platino-        1541.  Platino-biniodide  of  Hydrogen.    This  compound  consists 
biniodide  of  of  hydriodic  acid  and  biniodide  of  platinum,  in  which  the  former  is 
hydrogen.  reg-arded  as  the  electro-positive  element.    It  is  prepared  by  acting 
on  biniodide  of  platinum  with  a  cold  dilute  solution  of  hydriodic 
acid,  which  gradually  acquires  a  deep  claret  colour,  and  by  evapora- 
tion under  a  bell-jar  with  quicklime,  deposits  black  acicular  crystals. 
The  crystals  become  moist  by  exposure  to  the  air. 
Oxy-io-        1542.  Ozy-wdides.    The  principal  oxy-iodides  at  present  known 
dides.       to  chemists  are  those  formed  by  the  oxide  and  iodide  of  lead.  When 
iodide  of  potassium  is  mixed  with  acetate  of  oxide  of  lead  in  excess, 
the  yellow  iodide  at  first  formed  combines  with  oxide  of  leud  and  ac- 
quires a  white  colour  ;  and  the  same  compound  is  obtained  directly 
by  employing  a  subacetate.    Denot  finds  that  there  are  three  oxy- 

*  Ann.  de  Chem.  et  de  P/tys.  xxxiv. 

t  Dublin  Jour.  o/Sci.  I  304,  and  Ann.  de  Chim.  ei  <U  Phy*.  li.  125. 
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iodides,  in  which  1  eq.  of  iodide  of  lead  is  united  with  one,  two,  and  »cu  iv. 
fire  equivalents  of  oxide  of  lead. 

1543.  Double  Fluorides.    The  researches  of  Berzelius  have  led  to  Double 
the  formation  of  several  extensive  families  of  double  fluorides,  in  flooride*- 
which  the  fluorides  of  boron,  silicon,  titanium,  and  of  other  electro- 
negative metals  are  the  acids,  and  the  fluorides  of  electro-positive 
metals  are  bases.    In  some  instances  hydrofluoric  acid  is  a  haloid 

acid ;  but  more  commonly  it  acts  the  part  of  a  base. 

1544.  Hydro- fluorides.    In  this  family  hydrofluoric  acid  is  com-  Hydro- 
bined  with  the  fluorides  of  electro-positive  metals.    If  an  equivalent  fluoride*, 
of  any  electro-positive  metal  be  indicated  by  M,  then  the  general  for- 
mula for  this  family  is  MF4-HF. 

1545.  Borofluorides.    when  the  terfiuoride  of  boron  (fluoboric  Boro- flue- 
acid  gas)  is  acted  upon  by  water,  one  out  of  every  four  eq.  of  the  tides- 
gas  interchanges  elements  with  water,  giving  rise  to  hydrofluoric 

and  boracic  acids,  the  former  of  which  combines  as  a  haloid-base 
with  undecomposed  terfiuoride  of  boron,  constituting  the  boro-hydro- 
fluoric  acid,  but  which  may  be  viewed  as  the  boro-fluoride  of  hydro- 
gen.   This  change  is  such  that 

4  eq.  terfiuoride  of  boron  4  (B-f-3F)  ^  3  eq.  terfiuoride  of  boron  3(B-f-3F) 

~Z  3  eq.  hydrofluoric  acid  3(H-f  F) 

and  3  eq.  of  water  3  (H-f-O)    >*  and  1  eq.  boracic  acid  B-f30 

By  careful  concentration  and  cooling,  the  boracic  acid  separates  as  a 
crystalline  powder,  and  the  boro-fluoride  of  hydrogen  remains  in  so- 
lution. It  is  strongly  acid  to  test  paper,  and  its  composition  is  indi- 
cated by  the  formula  HF-f-BFs  being  an  equiv.  of  each  fluoride. 

1546.  Boro-Jluoride  of  Potassium.    It  is  prepared  by  dropping  Boro-fluo- 
boro-fluoride  of  hydrogen  drop  by  drop  into  a  solution  of  a  salt  ofrideof_po- 
potrfssa,  and  falls  as  a  gelatinous  transparent  hydrate,  which  isar 
white  very  fine  powder  when  dried.    It  has  a  slightly  bitter  taste, 
and  is  quite  neutral  to  lest  paper,  is  very  sparingly  soluble  in  alcohol 
and  cold  water,  but  is  dissolved  freely  by  hot  water,  and  subsides  on 
cooling  in  small,  brilliant,  anhydrous  crystals.    At  a  strong  red  heat 
it  gives  off*  the  terfiuoride  of  boron  and  fluoride  of  potassium  re- 


1547.  Silica  -Jin or ides.    The  acid  solution,  called  silico-hydroflx 
may  be  viewed  as  the  subsesqui-sMco  fluoride  of  hydrogen,  a 

compound  of  157.16  parts  or  2  eq.  of  fluoride  of  silicon  and  59.04  or 
3  eq.  of  fluoride  of  hydrogen  (hydrofluoric  acid),  as  indicated  by  the 
formula  3HF-f-2SiF  .  When  the  solution  is  neutralized  with  po- 
tassa,  the  alkali  interchanges  elements  with  the  fluoride  of  hydrogen, 
water  and  fluoride  of  potassium  are  generated,  and  the  latter  com- 
bines with  the  fluoride  of  silicon.  This  double  fluoride  consists, 
therefore,  of  157.16  parts  or  two  eq.  of  fluoride  of  silicon,  and 
173.49  or  3  eq.  of  fluoride  of  potassium,  the  formula  of  which  is 
3KF-|-2SiF'.  A  similar  change  ensues  with  the  protoxides  of  most 
other  metals,  and  hence  the  general  formula  of  the  silico-fluorides 
is  3MF-f-2SiFa.  On  exposing  these  compounds  to  a  red  heat,  fluo- 
ride of  silicon  is  disengaged. 

1548.  Titano-Jluorides.  Hydrofluoric  acid  dissolves  titanic-acid, 
and  forms  with  it  an  acid  solution  which  may  be  viewed  as  the 
titano-fluoride  of  hydrogen.    When  mixed  with  potassa,  water  and 
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Cn*P-  fluoride  of  potassium  are  generated,  and  the  titano-fluoride  of  po- 
tassium results,  the  formula  of  which  is  KF+TiF".  By  substitu- 
ting most  other  protoxides  for  potassa,  similar  salts  may  be  prepar- 
ed, the  general  formula  being  MF-f  TiP. 


CHAPTER  VI. 
ORGANIC  CHEMISTRY. 
Section  I.    Vegetable  Bodies. 

 k      1649.  The  chemical  principles  of  which  animals  and  vegetables 

principles,  are  composed  are  exceedingly  numerous.*  We  can  seldom  obtain 
these  principles  in  a  state  of  such  purity  as  to  enable  us  to  examine 
their  properties  with  accuracy,  unless  when  they  are  capable  of 
crystallizing,  or  of  entering  into  definite  compounds  with  acids  or 
alkalies. 

1550.  These  principles  are  all  compounds,  and  consist  sometimes 
of  two,  sometimes  of  three,  and  sometimes  of  four,  simple  bodies  uni- 
ted together ;  but  seldom  of  more.  These  simple  bodies  are  hydrogen, 
carbon,  oxygen  and  nitrogen,  which  may  be  considered  as  constituting 
in  a  great  measure,  the  basis  of  the  animal  and  vegetable  kingdoms. 
Com-  1551.  Organized  principles  composed  of  two  ingredients  are  of 

pounds  of  four  kinds.    1,  composed  of  hydrogen  and  carbon,  as  oil  of  turpen- 

d?entigre  l'ne;  ^»  °^  hydrogen  ar,d  ox>genf  as  water;  3,  of  carbon  and  oxy- 
gen, as  oxalic  acid;  4,  of  carbon  and  nitrogen,  as  cyanogen. 

Of  three,  1552.  Those  composed  of  three  constituents  are  much  more  nu- 
merous. 

The  most  common  constituents  are  carbon,  hydrogen  and  oxy- 
gen. The  greater  number  of  the  acids,  alcohol,  ethers,  sugars, 
gums,  &c.,  are  thus  constituted. 

Some  few  organized  bodies  are  composed  of  carbon,  hydrogen, 
and  nitrogen.  Some  are  supposed  to  be  composed  of  carbon,  nitro- 
gen and  oxygen. 

Of  four,  1553.  The  organic  principles  composed  of  four  constituents,  con- 
sist of  carbon,  hydrogen,  nitrogen  and  oxygen,  united  in  various 
proportions.  The  number  of  atoms  of  nitrogen  contained  in  these 
compounds  is  generally  small  compared  with  that  of  the  other 
three  constituents,  and  there  is  almost  always  a  great  preponderance 
in  the  atoms  of  carbon  and  hydrogen  over  those  of  nitrogen  and 
oxygen. 

Supposed  1554.  It  has  been  supposed  by  some  chemists  that  there  is  an 
difference   essential  difference  between  the  affinities  which  unite  the  atoms 


in  affinities 
of  atoms  of 

organized       *  The  number  of  discoveries  which  hare  of  Iste  heen  made  in  this  department  of 
ry,  is  sach  thst  the  limits  of  this  work  will  not  allow  of  a  full 
sized      them.    For  minute  details  the  student  must  be  referred  to  the  recent  elshorate  work 


and  unor-    chemistry,  is  such  that  the  limits  of  this  work  will  not  allow  of  a  full  account  nf 


gamzed 
bodies, 


of  Thomson:  Chemistry  of  Organic  Bodies,  Vegetable*.  London,  1838,  p.  1076. 
and  the  third  part  of  Liehig  and  Turner's  Elcmerdt;  as  the  former  is  complete,  sod 
comprises  an  account  of  all  the  recent  researches  of  the  European  chemists  in  this 
department,  it  will  be  employed  as  the  basis  of  this  chapter.  Of  Liehig's  continua- 
tion of  Turner's  Element*,  bat  100  pages  bare  appeared.  The  letter  T  will  refer  to 
the  first  and  L  to  the  second. 
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constituting  orgauic  principles,  and  those  which  unite  the  atoms  of   8«ct.  1. 
unorganized  bodies ;  that  there  is  some  unknown  power  besides 
chemical  affinity,  which  interferes  with,  and  regulates  the  combina- 
tions and  decompositions  of  organized  bodies,  which  is  wanting  in 
those  that  are  unorganized.    The  great  difference  between  the  two 
classes  of  bodies  consists  in  this,  that  the  organized  are  much  more  JJjjJEwW 
complicated  in  their  structure,  containing  a  much  greater  number  atoms, 
of  atoms  than  the  unorganized.    Hence  they  are  much  more  unsta- 
ble, much  more  easily  decomposed,  and  much  more  liable  to  decom- 
position than  unorganized  bodies. 

1555.  The  prevailing  opinion  is  that  binary  compounds  alone  ex-  PrmiUng 
ist :  that  is  to  say,  that  one  electro-negative  atom  is  only  capable  of  opinion, 
combining  with  one  electro  positive  atom.    Two  of  these  binary 
compounds  may  combine  together,  making  a  new  binary  compound 

of  four  atoms.  Two  of  these  binary  compounds  may  combine 
with  each  other,  making  a  new  binary  compound  of  eight  atoms. 
And  in  this  way  binary  compounds  may  be  formed  as  complicated 
as  any  that  exist.*    T.  3. 

1556.  Many  of  the  principles  or  definite  compounds  which  exist  Crystalli- 
in  the  vegetable  kingdom,  or  which  may  be  formed  from  vegetable 
bodies,  are  capable  of  crystallizing,  and  in  this  way  may  be  procur- 
ed in  a  state  of  purity.    Others  are  volatile,  and  are  formed  or  driv- 

en  off  at  particular  temperatures.    Frequently  several  of  these  vola-  principle., 
tile  bodies  occur  together,  and  in  such  cases  we  have  scarcely  the 
means  of  obtaining  them  in  a  state  of  purity  unless  when  they  en- 
ter into  definite  and  crystallizable  compounds  with  some  other  sub- 
stance. 

1557.  It  is  not  unlikely  that  all  the  vegetable  principles  may  be  All  may 
found  hereafter  to  be  capable  of  entering  into  definite  compounds  form  dcfi- 
with  other  bodies,  and  that  they  will  ultimately  be  possessed  of  the  p,|)tyn^m" 
character  of  acids  or  bases.    But  there  are  many  which,  so  far  as 

our  present  knowledge  extends,  do  not  seem  capable  of  forming 
any  such  definite  compounds,  thus  caoutchouc  neither  combines 
with  acids  nor  bases.    We  must  consider  such  bodies  as  neutral. 

1558.  There  are  also  several  groups  of  bodies  which  have  been  Groups dis- 
distinguished  by  a  common  name,  some  of  which  neutralize  acids,  tingmshed. 
and  therefore  ought  to  constitute  bases,  while  others  of  the  same 

group  neutralize  bases,  and  therefore  ought  to  constitute  acids; 
while  a  considerable  number  has  been  so  imperfectly  examined  that 
we  do  not  know  whether  they  be  acids  or  alkalies.  This  is  the 
case  with  the  group  of  bodies  distinguished  by  the  name  of  vola- 
tile oils. 

1559.  In  consequence  of  the  imperfect  state  of  our  knowledge  Temporary 
of  these  and  various  other  groups  similarly  circumstanced,  a  tempo-  jJjJJ'^JJ" 
rary  class  may  be  formed  under  the  name  of  intermediate  bodies,  bodies, 
which  will  disappear,  when  the  investigation  of  vegetable  principles 

has  made  greater  progress. 

1560.  All  the  vegetable  principles  may  be  arranged  under  the  Four  class- 


*  Thomson  dissents  from  ibis,  and  remarks  that  at  present  we  have  no  means  of 
knowing  hen*  the  numerous  atoms  that  oonstitote  organic  principles  are  grouped  to- 
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chap,vt  four  following  classes : — I.  Acids.   2.  Alkalies.    3.  Intermediate 

principles.    4  Neutral  principles. 

1561.  Before  describing  the  characters  of  the  various  principles, 
and  to  render  the  new  terms  intelligible,  it  will  be  proper  to  notice 
the  results  of  the  late  investigations  of  Wohler,  Liebig,  Pelouse 
and  Dumas. 

Theory  of  1562.  Theory  of  Amides,  or  Amidets.  If  we  represent  the  com- 
position of  oxalic  acid  by  the  formula  CO3,  and  that  of  ammonia 
by  NH3,  we  may  represent  oxalate  of  ammonia  by  CjOa+Nrk  It 
was  observed  by  Dumas,  that  when  crystallized  oxalate  of  ammonia 
is  distilled  there  is  obtained,  among  other  products,  a  white  tasteless 
powder,  which  he  distinguished  by  the  name  of  ozamide.*  On  an- 
alyzing this  he  found  it  composed  of  C2Oa+NHa.  It  is  therefore 
oxalate  of  ammonia  deprived  of  an  atom  of  water.  When  heated 
with  potassa,  ammonia  is  disengaged,  and  oxalate  of  potassa  formed. 
By  this  treatment,  therefore,  it  is  converted  into  oxalate  of  ammo- 
nia, and  of  course  must  have  resumed  the  atom  of  water  which  it 
had  lost. 

AmjdOjhow     1563.  The  term  amide,  has  been  generalized  and  is  applied  to  all 

those  anhydrous  compounds  of  an  acid  and  ammonia  which  by  heat 

may  be  deprived  of  an  atom  of  water ;  or  to  all  those  compounds, 

which,  by  the  addition  of  an  atom  of  water,  can  be  converted  into 

a  salt  of  ammonia. 

Benzoic  acid  consists  of       ...  ChHsOs 
Ammonia      ....  .         .         .  tl4S 


Benzoate  of  Ammonia  of  C14H5O3+H1N 
Now  Wohler  and  Liebig  obtained  a  substance  to  which  they  gare 
the  name  of  Benzamide,  composed  of  C14HsOi-(-H2N,  so  that  it  dif- 
fered from  benzoate  of  ammonia  by  containing  HO  or  an  atom  of 
water  less.  Now  as  oxalate  of  ammonia  and  benzoate  of  ammonia 
are  in  all  probability  binary  compounds,  it  has  been  inferred  that  ox- 
amide  and  benzamide  are  also  binary  compounds,  thus 

Oxamide  ....  CsOs+HsN 
Benzamide       ....     ('  :H  '    .  H.N 

If  this  be  admitted,  it  will  follow  that  Cx03  and  CMHs03  are  com 

f rounds  capable  of  existing  and  of  combining  with  other  bodies  ,  and 
ikewise  that  there  is  such  a  compound  as  H3N. 
Liebig'g        1564.  Liebig  applies  the  name  amide  to  the  hypothetical  com- 
application  pound  of  two  atoms  of  hydrogen  and  one  atom  nitrogen.    If  potasai- 
0       *•  urn  is  heated  to  the  point  of  fusion  and  a  current  of  dry  amraooia 
passed  over  it,  hydrogen  gas  is  evolved,  and  the  potassium  at  first 
increases  in  bulk,  loses  the  metallic  lustre,  and  is  converted  into  a 
clear  liquid,  which  on  cooling  concretes  into  a  gray  silky  mass;  itis 
instantly  converted  into  potassa  and  ammonia  on  the  addition  of 
waler.    It  is  called  potassamide,  or  a  compound  of 

1  atom  potassium         •  .  K 

1    "      of   H2N 


Potassamide      .....  K-ull2N 
*  A  contraction  of  oxalate  of 
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Add  1  atom  water        ....  HO  Sect-  L 

and  we  have         ....  KO+H3N   

or  an  atom  of  potaasa  and  an  atom  of  ammonia .* 

1565.  Dumas  has  given  to  these  compounds  the  name  of  amidet.  Amidets 
Thus  oxamide  he  calls  amidet  of  oxide  of  carbon  H2N+CaO, ;  CaO,  rf Dttma* 
being  a  compound  similar  in  constitution  to  oxide  of  carbon,  which 

ia  CO.t 

1566.  Theory  of  Benzoyl.    A  remarkable  train  of  discoveries  hns  Theory  of 
been  made  by  Wohler  and  Liebig  while  investigating  the  volatile  b€nioyl- 
oil  of  bitter  almonds.    They  have  led  to  the  inference  that  the  basis 

of  benzoic  acid  is  a  substance,  to  which  they  have  given  the  name  of 
benzoyl  composed  of  CMHsOa. 

The  oil  of  bitter  almonds  is  a  bydret ;  or  Ci4H5Oa+H 
Benzoic  acid  is  an  oxide,  or  CmHsCyK) 

They  obtained  also  chloride,  bromide,  sulphuret  and  cyanide  of 
benzoyl. 

These  discoveries  render  it  almost  certain  that  benzoyl  exists  as  a 
separate  compound,  and  that  it  is  capable  of  combining  with  the  sup- 
porters of  combustion  and  cyanogen,  also  with  hydrogen,  sulphur, 
and  doubtless  other  simple  substances  or  compounds.  Similar  com- 
pounds have  been  discovered  by  Lowig  in  the  volatile  oil  of  spiraea 
ulmaria,  which  is  a  hydret  of  spiroil.t  Analogy  leads  to  the  infer- 
ence that  other  (probably  all  the)  vegetable  acids  have,  like  the  ben- 
zoic, a  base,  and  that  the  acid  is  a  compound  of  that  base  with 
oxygen. 

1567.  Theory  of  Ethers.    According  to  Dumas  the  base  of  ether  Theory  of 
is  C4H,.v    Sulphuric  ether  is  C4H4+HO  ;  oxalic  ether  is  (C4H4+  el*«™- 
HO)+C20,  and  so  on  of  the  others. 

According  to  Liebig,  the  radical  of  ether  is  C4HS.    Sulphuric  ether  Liebig's. 
is  an  oxide  of  C4H5,  and  is  represented  by  C4H5+O,  or  (for  shortness 
sake)  by  C4H»0.    Alcohol  is  a  hydrate  of  sulphuric  ether,  or 
C4H5O+H0. 

The  radical  of  ether  is  capable  of  combining  with  chlorine,  bro- 
mine, and  iodine,  and  forms  chloric,  bromic,  and  iodic  ethers,  com- 
posed as  follows : 

Chloric  ether  ....  C4HS+2C1 
Bromic  .....  C4Hs+2Br 
Iodic  .....  C4H5-f2I 

All  the  oxygen-acid  ethers  are  combinations  of  an  atom  of  sulphuric 
ether,  which  possesses  the  characters  of  a  base  with  an  atom  of  the 
acid. 

1568.  What  have  been  considered  as  alcohol  acids  are  merely  Alcohol 
combinations  of  one  atom  of  ether  acting  as  a  base  with  two  atoms  of  acids, 
the  acid.    They  ought  rather  to  be  considered  as  salts,  consisting  of 

two  atoms  acid  united  to  one  atom  base,  than  as  acids  sui  generis.\\ 


*  According  to  Kane  white  precipitate,  of  the  Pharraecop.,  is  a  morcuramide,  or  a 
compound  of  Hg+HsN. 

tFor  other  examples  see  Thomson,  7,  and  Dumas'  Cum.  appliqut,  r.  83. 

I A  supposed  base. 

I  Called  by  Thomson  in  Chem.  of  Jnorg.  Bodxet,  Tetarto-carbohydrogen. 

II  Thomson  is  disposed  to  prefer  the  theory  of  Liebig  as  the  simplest,  and  as  agree* 
wg  beet  with  the  phenomena.  Liebig  has  extended  bis  theory  much  farther,  and 
made  it  to  apply  to  sugars,  dee.  T.  *. 
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Ch»p  vt-      1669.  Theory  of  Pyracids.    There  are  several  vegetable  acid* 
Theory  of  which,  when  distilled,  undergo  decomposition,  and  new  acids  are 
pyracids.    generated  by  the  process,  which  have  been  distinguished  by  the 
name  of  pyracids.    Thus  tartaric  acid  when  so  treated,  yields  pyro- 
Uo^Sect'*  tartar*c  ac'd»  £a"'c»  pyrogallic,  &c.    It  has  been  observed  by 
ed  by  heat.  Pelouze,  that  the  nature  of  the  decomposition  is  regulated  by  the 
degree  of  heat  applied.    When  the  heat  is  not  too  high,  the  acid  is 
resolved  into  a  pyracid,  carbonic  acid  and  water,  or  sometimes  into 
a  pyracid,  and  one  or  other  of  the  two  last  products.    Thus  when 
tannin  is  distilled  at  a  heat  of  482°  it  is  resolved  into  carbonic  acid, 
water,  and  metagallic  acid.    Tannin  being  Cl!(H,Oi2  three  atoms  of 
tannin  are  CH U.;U,  .    Now  these  three  atoms  are  resolved  by  the 
heat  into 

6  atoms  carb.  acid  =C$  On 

8     "    water  .         .         =-     H,  0» 

8     "    metallic  acid  =C|,H,«0,f 


C«  H*  Oh 
i to  pyrogall 

Gallic  acid  is  .         .         .         C,  H3  O, 


When  gallic  acid  is  distilled  at  419°,  it  is  converted  into  pyrogallic  arid 
carbonic  acid, 


Pyrogallic  acid  is  .  C«  Hi  0» 

Carb.  "is.  .  .         C  Oj 


At  the  43*2°  no  pyrogallic  acid  is  formed,  but  only  metagallic  acid,  water,  and 
carbonic  acid, 

1  atom  gallic  acid  is  Ci  H3  Oj 

1  "  metagallic  "...  =C»  Hj  Oj 
1    «    carb.  acid  "  =C  Oj 

I    "    water        .  .  =     H  O 


C7  HtOs 

Sometimes  the  saturating  power  of  a  vegetable  acid  is  not  altered  by 
converting  it  into  a  pyroacid  ;  sometimes,  according  to  Pelouze,  it  a 
reduced  one  half.* 

From  these  observations  it  has  been  inferred  that  gallic  acid  is  a 
compound  of  pyrogallic  acid  and  water,  and  so  of  others. t 
Theory  of       1570.  Theory  of  Substitutions.    Oxygen,  chlorine,  bromine,  and 
suhstiia-    iodine  may  be  made  to  unite  with  various  compound  bodies,  while  at 
uons.  ?ame  ljme  ljleso  bodies  give  out  hydrogen.    Thus  when  dry 

chlorine  gns  is  passed  into  pure  oil  of  bitter  almonds,  whicb  is  com- 
posed of  CuH3Os-f-H,  it  loses  its  atom  of  hydrogen  which  con- 
stituted it  a  hydret,  for  which  an  atom  of  chlorine  is  substituted, 
making  a  compound  consisting  of  CnHjOj-f-Cl,  which  is  a  chlonie 
of  benzoyl.  This  and  analogous  facts  have  been  generalized  by  Dt*- 
mas,  who  has  drawn  from  thern  the  following  general  conclusions. 
Domas's        1571.  1.  When  a  body  containing  hydrogen  is  subjected  to  the 


cooclu* 


•  Ann  de  Chim,  et  Phy$.  lfi.  303. 

t  Thomson  does  not  agree  in  this  opinion  and  thinks  it  more  probable,  that  by  use 
temperature  applied,  a  certain  portion  cf  the  carbon,  or  hydrogen,  or  of  both, 
goes  combustion,  and  that  the  remaining  atoms  arrange  themselves  so  as  1 

•  k«  —  — -  -J  — 

ina  pyroaciat 
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dehydrogenizing  action  of  oxygen,  chlorine,  bromine,  or  iodine,  for  s«ct.  f. 
every  atom  of  hydrogen  that  it  loses  it  gains  an  atom  of  oxygen, 
chlorine,  bromine,  or  iodine.  2.  When  the  hydrogenous  body  con- 
tains water,  this  last  body  loses  its  hydrogen  without  anything  being 
replaced.  If,  after  this,  any  hydrogen  be  abstracted,  it  is  replaced  by 
a  corresponding  number  of  atoms  of  oxygen,  chlorine,  &c.#  t. 

1572.  Laurentt  considers  the  base  or  radical  of  every  organic  ^m,, 
body  to  be  a  compound  of  carbon  and  hydrogen  united  together,  so  view, 
that  the  atoms  of  the  carbon  bear  a  simple  relation  to  those  of  the 
hydrogen.    When  these  radicals  are  subjected  to  a  dehydrogenizing 
process,  as  by  passing  a  current  of  chlorine  through  them,  they  gra- 
dually lose  their  hydrogen  or  a  part  of  it,  but  gain  as  many  atoms  of 

the  dehydrogenizing  body  as  they  lose  of  hydrogen.  So  that  if  we 
add  the  number  of  atoms  of  the  new  body  to  those  of  hydrogen  re- 
maining, the  sum  will  make  up  the  number  of  atoms  of  hydrogen 
originally  present  in  the  radical. 

1573.  The  dehydrogenizing  body,  or  a  part  of  it,  being  converted 
into  water,  nitric  acid,  hydrochloric  acid,  &c.,  may  either  be  disen- 
gaged or  remain  combined  with  the  new  compound  formed. 

1574.  The  fundamental  radical  and  its  derivatives  will  be  neutral  j^eutraj 
or  alkaline,  whatever  be  the  portion  of  oxygen,  hydrogen,  Sec.  enter- 
ing into  it.    But  when  the  oxygen,  &c.  enters  into  combination  with  Acld 
the  radical,  it  renders  it  acid,  how  small  soever  the  uniting  portion  Effect  of 
may  be.    Those  bodies  which  enter  into  combination  without  being 
a  part  of  the  radical,  may  be  removed  by  heat,  alkalies,  &c,  without 
being  replaced  by  anything  else.    But  when  a  body  constitutes  a 
part  of  the  radical,  this  cannot  be  done.    T.  13. 


1575.  Liebig  has  termed  certain  compound  bodies,  which  have  the  Compound 
property  of  uniting  with  simple  bodies,  compound  radicals.    Those  J*^aU  rf 
which  unite  with  hydrogen  give  rise  to  hydracids.    He  has  arranged  18  Ig' 
these  combinations  in  groups,  according  to  the  radical  of  each ;  the 
individual  members  of  each  group  arising  from  the  combinations  of  the 
radical  with  the  elements,  and  from  the  union  of  the  compounds  thus 
formed  with  other  compound  bodies. 

1576.  Whenever  one  or  more  of  the  constituent  parts  is  removed  Newcom- 
frora  any  of  these,  a  new  compound  of  another  radical  is  produced,  pound*. 
When  the  oxygen  has  been  removed,  and  its  place  supplied  by  its  Oxygenre- 
equivalent  of  sulphur,  a  sulphur-compound  of  the  same  radical  is  moT«d 
formed,  and  its  properties  are  similar  to  those  of  the  oxygen-com- 
pound. 

When  the  hydrogen  is  displaced,  and  its  position  occupied  by  its  Hydrogen, 
equivalent  of  chlorine  or  oxygen,  there  will  be  formed  either  a  similar 
compound  of  a  similarly  constituted  radical,  or  several  new  com- 
pounds of  a  more  simple  radical. 

1577.  All  combinations  of  compound  radicals  not  containing  nitro-  Comhina- 
gen,  are  reduced  when  exposed  to  the  action  of  oxygen  to  oxides  of  JjJJJ^ 
more  simple  radicals,  the  higher  or  lower  degree  of  oxidation  being  radicals  not 
dependent  upon  the  quantity  of  oxygen  present.  nTuogen.D* 

*  For  examples  tee  T.  Org.  Chan.  11.       t  Ann.  de  Chim.  et  Phy*.  lxi .  128. 
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Ch«p.  vi.  1579.  Organic  compounds  not  containing  nitrogen,  may  be  A.- 
Derompo-  composed  in  three  different  ways,  when  brought  into  contact  vita 
«*d.  concentrated  or  anhydrous  sulphuric  acid ;  firstly,  the  acid  tniy 
withdraw  water  from  the  compound,  or  at  least  oxygen  and  hydro- 
gen in  the  proportions  in  which  they  form  water;  in  this  case  the 
other  component  parts  unite  into  one  or  more  new  compounds  ;  thai 
oxalic  and  sulphuric  acids  give  rise  to  the  formation  of  water,  of  car- 
bonic oxide  and  of  carbonic  acid ;  or,  secondly,  the  acid  may  at  the 
same  time  give  oxygen  to  a  part  of  the  carbon  of  the  compound, 
when  the  above  products,  together  with  sulphurous  acid,  will  be  pro- 
duced ;  or,  thirdly,  the  acid  may  give  oxygen  to  the  hydrogen  of  the 
compound,  and  in  this  case  be  converted  into  hyposulphurous  and, 
which  usually  enters  into  very  intimate  combination  with  the  organic 
substance  thus  modified. 
Action  of  1579.  By  the  action  of  strong  acids  upon  substances  containing 
acid?  nitrogen,  there  is  frequently  produced  through  the  medium  of  the 
constituents  of  water,  on  the  one  hand  ammonia,  which  combines 
with  the  acid,  and  on  the  other  an  oxide  of  a  new  radical,  in  which 
all  the  carbon  of  the  original  compound  is  present  Hydrocyanic 
acid  and  hydrochloric  acid  ;  oxamid,  urea,  and  sulphuric  acid. 
&c.  dec. 

Action  of       1580.  All  organic  compounds  not  containing  nitrogen,  are  decora- 
pota««a,on  posed  by  being  fused  with  hydrate  of  potassa,  and  if  the  latter  be 
no'Tcon-0  "  present  in  sufficient  quantity,  the  decomposition  is  not  attended  with 
mining ni-  the  separation  of  carbon;  the  products  which  are  formed  are  the 
same  as  those  resulting  from  the  action  of  powerfully  oxidixinf 
agents ;  water  is  generally  decomposed,  its  oxygen  unites  with  the 
carbon    and    hydrogen   of  the   substance,  while    its  hydrogen 
is  liberated,  and  either  escapes  in  the  form  of  gas,  or  eaten 
into  some  new  combination.    The  resulting  products  of  this  decom- 
position may  be  either  ulmic,  acetic,  and  oxalic  acids,  oxalic  acii 
alone,  or  solely  carbonic  acid,  according  to  the  degreeof  temperature 
to  which  the  mixture  is  exposed. 
Action  on       1581.  All  organic  compounds  containing  nitrogen  are  decomposed 
uWeno-  by  being  boiled  in  a  solution  of  caustic  potassa,  or  by  being  fused 
trog«Jai   witn  tne  hydrate;  the  products  are  generally  the  same"  as  those  ge- 
nerated by  the  action  of  a  strong  acid  upon  the  same  substances,  on!? 
that  with  potassa  the  ammonia  is  liberated,  while  the  oxide  of  the 
new  carbonized  radical  enters  into  combination  with  the  pr»La«s» 
Many  substances  which  are  very  rich  in  nitrogen  are  converted, 
with  the  separation  of  a  part  of  the  nitrogen  as  ammonia,  and  tb* 
absorption  of  oxygen,  into  cyanic  acid,  and  this,  by  uniting  with  to* 
potassa  escapes  further  decomposition  ;  in  this  case  the  fused  re»- 
due  is  completely  decomposed  into  ammonia  and  carbonic  acid  hj 
being  dissolved  in  a  little  water  and  boiled. 
Destructive     1582.  When  organic  bodies  are  exposed  to  the  destructive  disrf- 
1»  lation,  their  constituents  give  rise  to  the  production  of  new  roUu.e 
compounds  of  more  simple  radicals,  either  with  or  without  the  depo- 
sition of  cathon.    The  products  vary  with  the  temperature,  which 
gives  rise  to  the  division  of  the  distillation  into  several  periods.  !a 
the  first  are  produced  organic  acid  of  more  simple  radicals,  carboc:c 
acid,  water,  and  combustible  fluids,  which  admit  of  being  mixed 
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water.  In  the  second  period,  the  products  of  the  decomposition  of  Sect,  n. 
the  new  substances  formed  during  the  first,  are  generated  ;  the  acids 
disappear,  their  oxygen  unites  with  a  part  of  their  hydrogen  and 
carbon,  forming  more  simple  compounds,  as  carbonic  oxide,  carbonic 
acid,  and  water,  a  portion  of  the  carbon  is  generally  deposited,  while 
the  rest  unites  with  hydrogen,  giving  rise  to  volatile  or  fixed  oleagi- 
nous substances.  In  the  last  period,  only  charcoal  and  gases  are 
obtained ;  the  latter  generally  consisting  of  a  mixture  of  carbonic 
oxide,  defiant  and  light  carburetted  hydrogen  gases. 

Substances  containing  nitrogen  form,  under  the  same  circum- 
stances, ammonia,  and  sometimes  cyanic  acid ;  in  the  last  period, 
cyanogen  and  hydrocyanic  acid. 

1583.  When  an  organic  compound  is  exposed  to  a  similar  decom-  Effect  of 
position  in  contact  with  a  strong  base,  which  is  not  reduced  by  a  red  ?tronfjL 
heat,  it  is  generally  decomposed  into  carbonic  acid,  which  remains  ase' 
in  combination  with  the  base,  and  into  one  or  more  new  substances. 
Should  these  latter  contain  oxygen,  they  may  be  entirely  deprived  of  Oxygen  re- 
it  by  a  new  distillation  with  the  base,  the  oxygen  giving  rise  to  ano-r 
ther  portion  of  carbonic  acid,  while  the  other  constituents  of  the  sub- 
stance are  obtained  in  the  form  of  solid,  fluid,  or  gaseous  compounds 
of  carbon  and  hydrogen,    l.  738. 


Section  II.    Vegetable  Acids. 

1584.  These  acids  may  be  divided  into  seven  sets — 1.  Volatile  Thomp- 
Aeids,  or  those  which  may  be  volatilized  without  decomposition  ;  2.  JSSl  of 
Fixed  Acids,  such  as  cannot  be  volatilized  or  distilled  over  without  acids, 
decomposition  ;  and  these  may  be  subdivided  into  such  as  are  de- 
composed when  exposed  to  heat,  but  furnish  at  the  same  time  pyr~ 
acids;  and,  3,  into  those  whose  pyracids  are  unknown.    4.  Oily 
Acids,  or  those  into  which  oils  or  wax  are  converted,  when  boiled 

with  potassa  or  soda.  The  combination  with  the  alkali  constituting 
soap.  5.  Acids  containing  nitrogen.  6.  Acids  imperfectly  exa- 
mined. 7.  Compound  Acidst  consisting  of  a  vegetable  principle 
united  to  a  strong  mineral  or  vegetable  acid. 

1585.  Oxalic  Acid,  2CO-|-0,  2  eq.  carb.  oxide  -f~  1  oxy.=  Oxalic 
36.24.  (L.)  Ca08  =36.  (T.)  This  acid  was  discovered  by  Scheele  in  ac,d- 
1776.    It  occurs  in  several  plants,  particularly  of  the  genera  oxalis, 
rumex,  6xc ;  combined  with  potassa  in  roots  and  with  lime  in  several 
kinds  of  lichens.*  Oxalate  of  lime  is  also  an  ingredient  of  several  uri- 
nary calculi ;  the  acid  is  a  product  of  the  decomposition  of  uric  acid,  of 

all  organic  compounds  not  containing  nitrogen  when  oxidized  by  ni- 
tric acid,  or  acted  upon  by  hydrate  of  potassa,  or  by  permanganic 
acid  ;  it  is  also  formed  by  the  decomposition  of  cyanogen  with  water 
and  ammonia.  L. 

1566.  It  is  obtained  by  digesting  by  aid  of  gentle  heat  one  part  of  sugar,  or  | 
better  still,  of  potato  starch,  in  5  parts  of  nitric  acid  of  sp.  gr.  1.42,  diluted  with 
10  parts  of  water,  as  long  as  gaseous  products  are  evolved  ;  by  evaporation  the 
acid  is  obtained  in  crystals,  which  may  be  purified  by  a  second  crystallization 
after  being  well  dried  on  paper  or  porous  earthen  ware. 

*  Said  to  occur  in  HumboUine  with  oxide  of  iroa  by  Rivero— not  confirmed  by 
analysis.    See  his  Mineralogy,  ii.  469. 
47 
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Chap.  VI.  When  prepared  on  the  large  scale  the  process  is  conducted  in  cylindrical  ves- 
~~ — gelg  of  earthern  ware,  which  are  heated  liy  being  surrounded  with  warm  water; 

on  a  small  scale  it  may  be  made  in  a  porcelain  dish.  From  12  parts  of  potato 
starch  5  of  the  acid  are  obtained.  The  mother  liquor  should  be  treated  with 
an  additional  quantity  of  acid,  and  again  warmed,  when  a  second  crop  of  crys- 
tals will  be  formed  ;  this  is  repeated  until  the  solution  is  quite  exhausted.  On 
account  of  the  cheapness  of  nitric  acid,  this  is  the  usual  process  now  adopted  in 

the  manufactories.    Any  N  adhering  to  the  crystals,  may  be  removed  by  gently 
heating  them  in  a  porcelain  dish,  or  by  repeated  crystallization.*  L 
Process  2.      ' 1  may  also  be  obtained  by  precipitating  a  solution  of  the  superoxalates  of  po- 
tassa  by  acetate  of  lead  or  sulphuret  of  barium,  carefully  washing  the  precipitate, 

and  decomposing  it  while  yet  moist  by  dilute  S.    Filter  and  evaporate.    To  de- 

... 

compose  the  oxalate  of  lead  or  baryta  five  parts  of  strong  S  must  be  employed 
diluted  with  ten  of  water  for  every  seven  parts  of  the  binoxalate  of  potassa. 

Nine  tenths  of  the  dilute  S  is  to  be  added  in  successive  portions  to  the  moist  lead 
or  barytic  precipitate  ;  sulphate  of  lead  or  baryta  is  instantly  formed,  and  the  ox- 
alic acid  is  dissolved  by  the  water.  After  the  mixture  has  stood  some  hours,  the 
clear  liquid  should  be  poured  from  the  precipitate,  which  should  be  repeatedly 
washed.  The  solution  yields  upon  evaporation,  crystals  of  pure  oxalic  acid ; 
any  trace  of  lead  may  be  removed  by  hydroaulphuric  acid  gas.  The  residue  of 
sulphate  of  lead  or  baryta,  which  still  contains  some  undecomposed  oxalate, 

must  be  treated  with  the  remaining  tenth  of  the  dilute  S,  and  heated  with  a 
little  more  water ;  in  this  manner  an  additional  quantity  of  impure  oxalic  acid  is 

... 

Theory.      obtained,  but  the  8  may  be  separated  from  the  crystals  by  washing. 

15S7.  The  production  of  oxalic  acid  from  organic  matter  is  8  con- 
sequence of  the  oxidation  of  the  elements  of  the  latter  by  the  oxy- 

gen  of  the  N ;  hence  those  substances  give  it  in  greatest  quantity 
which  contain  oxygen  and  hydrogen  in  the  same  proportion  a? 
water.  In  the  second  process  sulphuret  of  potassium  and  oxalate  of 
baryta,  or  acetate  of  potassa  and  oxalate  of  lead  are  formed.  The 

oxalate  of  baryta  or  lead  is  decomposed  by  S,  giving  rise  to  free 
oxalic  acid  and  sulphates  of  lead  or  baryta.  L. 

1588.  The  crystallized  acid  is,  according  to  Liebig,  a  compound  of 
Crystals,    lne  hydrate  with  water  of  crystallization.    The  crystals  are  trans- 
parent oblique  rhombic  prisms,  with  one  or  two  terminal  planes,  one 
pair  of  the  lateral  edges  of  the  latter  is  sometimes  truncated. 

1589.  This  acid  has  no  odour;  tastes  and  reacts  strongly  acid, 
tin°?uished  anc*  ls  P0»son<>u9.  and  from  the  resemblance  which  the  crystals  bear 
from  Ep-  to  those  of  Epsom  salt,  many  fatal  mistakes  have  arisen.  The  acid 
som  salts.  iQ6{e  js  jn  itsolT  a  sufficient  mark  of  distinction  ;  or  without  tastiug 

it,  if  a  few  drops  of  water  be  placed  on  a  slip  of  the  dark  blue  pa- 
per which  is  commonly  wrapped  round  sugar  loaves,  and  a  small 
quantity  of  the  suspected  crystals  be  added,  if  it  be  oxalic  acid  it 
will  change  the  colour  of  the  paper  to  a  reddish  brown.  The  so- 
lution also  of  a  small  quantity  of  this  acid  in  a  tea-spoonful  of 
water,  will  effervesce  with  a  little  scraped  chalk  or  whiting.  H. 
When  the  acid  has  been  swallowed,  copious  draughts  of  lime  water, 
or  magnesia  and  water,  should  be  administered,  and  vomiting  exci- 
ted as  speedily  as  possible. 


*  If  shavings  of  wood  be  mixed  with  caustic  potassa,  and  exposed  to  a  beat  consid- 
erably higher  than  that  of  boiling  water,  the  wood  suffers  decomposition,  and  is 
partly  converted  into  oxalic  acid,  which  combines  with  the  potassa ;  a  process  fol- 
lowed by  some  manufacturers  of  tkis  acid.  T. 
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1590.  The  crystals  when  heated  fall  into  powder,  nnd  lose  28  per 

cent.  =r  2  eq.  of  water  of  crystallization;  the  hydrate  of  oxalic  Effect  of 
acid  is  left     When  rapidly  heated  to  the  temperature  of  350°,  they  Deat* 
fuse  and  lose  their  water  of  crystallization,  a  part  of  them  decom- 
posing, while  another  portion  sublimes  as  hydrate  in  dense  white 
fumes  of  a  strong  odour,  which  cover  the  surface  of  the  fused  acid 
in  the  form  of  a  woolly  crystalline  mass.    If  heated  in  a  retort  to 

310°  it  is  decomposed  into  C,  C  and  formic  acid. 

1591.  Heated  in  strong  S,  it  is  decomposed  into  C,  C  and  water.  Decompo- 
The  anhydrous  oxalic  acid  may  be  considered  as  a  compound  of  1 

eq.  C-f-1  eq.  C,  which  accounts  for  the  production  of  equal  vols,  of 
the  two  gases  whenever  the  pure  acid  or  any  of  its  salts  is  heated  in 

strong  S  (512). 

1592.  The  crystals  dissolve  in  eight  parts  of  water  at  60°,  in  their  Solubility. 

own  weight  of  boiling  water,  and  in  four  parts  of  alcohol  at  60°. 

When  pure  it  should  give  a  precipitate  with  salts  of  baryta  that  is  Test  0f 

purity. 

perfectly  soluble  in  N,  if  it  contain  lead  it  is  blackened  by  hydrosul- 
phuric  acid  gas:  it  should  sublime  without  leaving  a  residue. 

1593.  This  acid  and  its  soluble  salts  are  important  reagents  for 
detecting  and  separating  lime.* 

1594.  By  distilling  oxalate  of  ammonia,  or  oxalates,  with  am-  Oxamide. 
moniacal  salts,  a  substance  has  been  obtained  by  Dumas  which  he 

has  called  oxamide,i  which  will  be  noticed  hereafter. 

1595.  Oxalate  of  Ammonia.    NH4OC903-(-aq.  crystals.    This  is  Oxalate  of 
a  very  useful  salt  for  the  purpose  of  separating  lime  from  magnesia, aDimoni*' 
and  generally  for  precipitating  lime  from  its  solutions. 

It  is  obtained  by  neutralizing  a  solution  of  pure  oxalic  acid  by  Obtained, 
caustic  or  carbonate  of  ammonia,  or  by  decomposing  the  oxalate  of 
lead  by  sulphuret  of  ammonium,  and  evaporating  the  solution  to 
crystallization. 

It  may  also  be  prepared  by  neutralizing  the  bin*  or  quadroxalato  of  potnssa  with 
carb.  or  ammonia;  the  first  crop  of  crystals  consists  of  oxalate  of  ammonia, 
which  may  be  completely  freed  from  potassa  by  repeated  crystallization,  the  mo- 
ther liquor  contains  the  neutral  oxalate  of  potassa. 

1596.  The  crystals  are  long,  colourless,  transparent  prisms,  of  the  Crystal*, 
prismatic  system  ;  with  a  strong  saline  taste,  less  soluble  than 

the  oxalic  acid  and  efflorescent,  losing  12.6  per  cent,  of  water  of 
crystallization.    By  heat  it  is  decomposed,  giving  rise  to  oxamide. 

1597.  Binozalate  of  Potassa.  HO.CaOL4,KO.C203+2  aq.  eq.  =  Binoxalate 
155.63.    This  salt  is  used  and  sold  as  the  essential  salt  of  lemons,  of  potassa. 

*  In  the  neutral  salts  of  oxalic  acid,  the  oxygen  of  the  base  is  to  that  of  the  anhy- 
drous acid  in  the  proportion  of  I  :  3.  If  the  oxygen  or  the  metallic  oxide  be  consid- 
ered as  a  part  of  the  acid,  the  compound  contains  C  and  a  metal.  Many  salts  of  oxalic 
acid,  whose  bases  are  oxides  easily  reduced  to  the  metallic  slate,  are  decomposed  by 

heat  into  (Tand  metal  (oxalate  of  silver  with  a  slight  explosion).  The  oxalates  of 
the  alkalies  under  the  same  circumstances  evoke  C,  and  are  converted  into  carbo- 


Many  metallic  oxides  when  heated  with  an  oxalate  are  reduced  by  the  C 
etolved.  There  exist  both  neutral  nnd  acid  salts  of  this  acid,  the  latter  contain  dou- 
ble, and  sometimes  four  times  as  much  acid  as  the  former.   (Licbig  ) 

f  Abbreviated  from  oxalic  acid  and  ammonia. 
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Chap- vi.  for  removing  iron-moulds  and  other  metallic  stains  (ink,  &c).  It 
exists  ready  formed  in  the  juice  of  the  oxalis  acetosella  or  wood  sor- 
rel, from  which  it  was  formerly  procured. 

1598.  It  may  be  made  by  neutralizing  one  part  of  crystallized  ox- 
alic acid  by  carbonate  of  potassa,  and  afterwards  adding  to  the  neutral 
salt  another  part  of  oxalic  acid  and  crystallizing.  The  crystals  arc 
transpareut  oblique  rhombic  prisms,  with  an  acid  taste  and  reaction. 
It  is  poisonous.    Soluble  in  40  parts  of  cold  and  6  of  boiling  water. 

1599.  When  pure  it  should  fuse  and  decompose  without  emitting 
a  burnt  odour,  and  the  residue  should  be  of  a  gray,  not  of  a  black 
colour.* 

Qaadroxa-      1600.  Quadroxalaie  of  Potassa  is  sold  in  commerce  at  binoxalate. 

late-  It  is  procured  by  dissolving  the  binoxalate  in  hydrochloric  acid  and 
crystallizing  ;  it  is  made  on  the  large  scale  by  neutralizing  one  part 
of  crystallized  oxalic  acid  and  adding  to  the  solution  three  parts  of 
the  pure  acid. 

Crystals.  1601.  Its  crystals  are  transparent  prisms  of  the  doubly  oblique 
prismatic  system  ;  at  262°  it  loses  two  atoms  or  fourteen  per  cent, 
of  water,  at  higher  temperatures  oxalic  acid  passes  off  and  it  is 
decomposed.  If  pure  its  reaction  when  heated  is  similar  to  that  of 
the  binoxalate;  if  three  parts  are  converted  into  carbonate  by  a  red 
heat,  and  added  to  a  solution  of  one  part,  the  neutral  oxalate  should 
be  obtained. 

Oxalau  of  1602.  Oxalate  of  Lime,  CaO.Ca03-(-2  aq.  =s  82.74,  occurs  in  se- 
veral species  of  lichen,  of  which  it  forms  the  firm,  hard  skeleton,  so 
that  many  of  them  may  be  used  for  preparing  oxalic  acid,  but  not 
very  advantageously.t 
Disun-  1603.  The  insolubility  of  this  salt  in  water,  ammonia,  and  acetic 
gmshcd.  acj(jt  an(j  jts  soiubiHty  in  the  nitric  and  hydrochloric  acids,  distin- 
guishes it  from  most  other  precipitates.  Advantage  is  taken  of  this 
to  detect  lime  in  solutions  from  which  all  other  precipitable  metallic 
oxides  hare  been  separated  by  other  means,  the  alkaline  oxalates 
being  the  best  reagents  for  this  purpose;  thus  these  oxalates  are 
used  to  separate  lime  from  magnesia,  with  the  latter  of  which  they 
form  soluble  double  salts.  On  the  other  hand,  lime  may  be  used  to 
detect  oxalic  acid.t 

Colour,  &c.  1604.  Recently  precipitated  oxalate  of  lime  is  a  snow-white  floe- 
culent  powder,  insoluble  in  acetic  acid,  readily  dissolved  by  free 
nitric  or  hydrochloric  acid,  and  by  a  red  heat  is  converted,  without 
being  perceptibly  blackened,  into  carbonate  of  lime  ;  from  the  weight 
of  which,  either  the  oxalic  acid  or  the  lime  may  be  calculated. 

L.  7S0. 

imparities  <h-  *  The  presence  of  cream  of  tartar  is  recognised  by  the  carbonaceous  residue,  and  tbe 
uc«*«.         peculiar  odour  which  it  emits  on  burning ;  that  of  sulphate  of  potassa  by  the  commos 

tests  of  S.  If  of  two  equal  parts  by  weight,  of  the  salt,  tbe  one  be  exposed  to  a  red 
heal,  and  the  other  be  dissolved  in  water,  the  solution  of  tne  latter  should  be  deprived 
of  its  acid  reaction  by  the  addition  of  the  residue  of  the  former;  if  this  does  not  aap- 

Sen,  it  is  not  the  binoxalate  but  the  quadroxalaie,  which  is  met  with  in  commerce  on- 
er  that  name.  (Liebig.) 

t  See  Bracoonot's  process  Ann.  de  Chim.et  Phya.  xxviii.  318,  and  Quart.  Jovtr.  xii. 

X  It  should  be  rememltered  that  oxalic  acid  is  imperfectly  precipitated  by  salts  of 
lime  from  a  solution  which  contains  the  oxides  of  chromium,  iron,  or 
(Liebig.) 
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1605.  Rhodizonic  Acid.  (^HjO.g.  When  a  stream  of  dry  carbonic   s<*t.  n. 
oxide  gas  is  transmitted  over  a  portion  of  fused  potassium,  the  gas  is  Rhodizonic 
absorbed  in  large  quantity;  the  potassium  coats  the  surface  of  the  acid, 
glass  tube,  becomes  green,  and  at  last  a  black  porous  mass  is  ob- 
tained, which,  if  exposed  to  the  air  when  warm,  inflames,  and  if 
covered  with  water  dissolves  with  the  rapid  evolution  of  a  combusti- 
ble gas  ;  if  moistened  with  water  it  burns,  and  forms  a  red  solution 

which  contains  rhodizonate  of  potassa. 

1606.  This  compound  of  potassium  and  carbonic  oxide  was  How  ob- 
obtained  by  Gmelin  in  considerable  quantity  as  a  secondary  product  tained. 
during  the  preparation  of  potassium  by  Brunner's  process  (839), 
when  it  separates  from  the  gases  evolved  in  the  form  of  a  gray  pow- 
der, which  may  be  readily  collected.    Exposed  to  moist  air  it  ab- 
sorbs water,  aud  is  converted,  without  combustion,  into  rhodizonate 

of  potassa  of  a  scarlet  colour;  by  being  treated  with  alcohol,  in 
which  it  is  soluble,  the  free  potassa  may  be  separated.  All  its  com- 
pounds are  of  a  red  colour,  or,  in  the  dry  state,  of  a  brilliant  metallic 
green. 

1607.  The  changes  which  are  produced  on  rhodizonate  of  potassa  Remarka- 
when  its  aqueous  solution  is  heated,  are  very  remarkable;  without  ble 

the  evolution  of  gases  it  is  decomposed  into  free  potassa,  oxalate  0f  chan^s' 
potassa,  and  into  the  potassa  salt  of  a  new  acid,  which  has  been 
called  by  Gmelin  the  croconic  acid.  l.  752. 

1608.  Croconic  Acid.  C504  =  62.    The  croconic  acid  is  prepared  Croconic 
by  adding  hydrofluosihcic  acid  to  a  solution  of  its  potassa  salt,  and  eva-  oc"** 
porating  to  dryness  ;  the  pure  acid  is  removed  from  the  yellow  resi- 
due by  water;  it  is  yellow,*  readily  crystallized,  tastes  and  reacts 
strongly  acid,  is  soluble  in  water  and  alcohol ;  all  its  salts  are  yellow, 

and,  with  the  exception  of  the  ammoniacal  salts,  are  all  of  them 
insoluble  in  alcohol. 

1609.  Croco?iate  of  Potassa  crystallizes  in  long  six-sided  prisms,  Croconate 
of  an  orange-yellow  colour,  tastes  similar  to  nitre,  and  is  neutral  with  of  potass* 
respect  to  vegetable  colours.    When  heated  it  loses  15  per  cent. 

=  2  eq.  water  and  becomes  of  a  lemon-yellow  colour.  It  burns  like 
tinder  into  a  mixture  of  carbonate  of  potassa  and  carbon,  with  evolu- 

•  •  •  • 

tion  of  C  and  C  ;  it  is  decomposed  by  chlorine  and  N  with  effer- 
vescence into  peculiar  salts. 

1610.  Formic  Acid.  CaH  O,  =  37.  This  acid  was  first  noticed  by  Formic 
Ray,  in  1671,t  in  an  account  of  the  acid  spontaneously  given  out  by  acid, 
ants,  and  which  they  yielded  when  distilled.  In  1812  Gehlen  examined  History, 
it  and  pointed  out  some  of  its  characters.    It  has  been  since  ana- 
lyzed by  Berzelius,  and  an  artificial  method  of  preparing  it  discover- 
ed by  Dobereiner. 

1611.  It  may  be  obtained  from  ants  by  the  following  process  : 

Any  quantity  of  ants  may  be  infused  in  about  thrice  their  weight  of  water,  put  p  r 
the  mixture  into  a  silver,  or  tinned  copper  still,  and  draw  offthe  water  by  distillation  1  roc 
an  long  as  it  continues  to  come  over  without  any  burnt  smell ;  the  distillation  must 
be  stopped  as  soon  as  that  is  perceived  Saturate  the  water  in  the  receiver  with 
carbonate  of  potassa,  and  evaporate  to  dryness.  Mix  the  white  mass  thus  ob- 
tained with  as  much  sulphuric  acid,  previously  diluted  with  its  weight  of  water, 
as  is  sufficient  to  saturate  the  potassa.    Introduce  the  mixture  into  a  retort,  and 


*  Hence  its  name  from  crocus,  saffron.  1  Phil.  Trans. 
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process. 


Detected. 
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acid. 


distil  slowly  to  dryness.  The  liquid  which  comes  over  into  the  receiver  if  to  be 
again  rectified  by  a  very  moderate  heat,  to  get  rid  of  any  portion  of  sulphunc 
acid  that  may  be  present. 

1612.  It  may  be  prepared  from  sugar  and  many  other  vegetable 
substances,  when  treated  with  binoxide  of  manganese  and  sulphunc 
acid.    The  following  process  has  been  pointed  out  by  Dobereiner. 


Dissolve  1  part  of  sugar,  starch,  &c.,  in  2  parts  of  water,  mix  the  solution  (in 
a  large  vessel)  with  2^  or  three  parts  of  binoxide  of  manganese  in  fine  powder. 
Heat  the  mixture  to  140°,  add,  by  little  and  little  at  a  time,  3  parts  of  concen- 
trated sulphuric  acid,  previously  diluted  with  its  own  weight  of  water,  rue- 
fully agitating  the  mixture  after  every  addition,  with  a  wooden  nxL  AfW 
the  addition  of  the  first  third  of  the  acid  so  violent  an  effervescence  takes  pLct, 
that  unless  the  vessel  be  at  least  15  times  the  bulk  of  the  mixture,  a  portion  will 
run  over.* 

1613.  A  pound  of  sugar  yields  a  quantity  of  the  acid,  capable  of 
saturating  five  or  six  ounces  of  carbonate  of  lime.  To  obtain  the 
formic  acid  in  a  concentrated  state,  evaporate  the  formate  of  lime  to 
dryness,  and  mix  seven  parts  of  this  dry  salt,  in  powder,  with  tea 
parts  of  concentrated  sulphuric  acid  and  four  parts  of  water,  and  dis- 
til in  a  retort  If  we  substitute  six  parts  of  alcohol  for  the  four  parts 
of  water  and  distil,  we  obtain  formic  ether. 

1614.  The  following  process  has  been  given  by  Emmet.t  who  af- 
firms that  the  oxide  of  manganese  is  of  no  use  in  the  process. 

Mix  together  in  a  retort  equal  measures  of  water,  oil  of  vitriol,  and  clean,  but 
unground  rye,  or  cracked  maize ;  let  them  be  heated  to  the  boiling  point,  and  if 
soon  as  the  mass  has  become  thoroughly  blackened,  add  another  measure  of 
water  and  distil  off  one  measure  of  formic  acid.  The  addition  of  more  water,  and 
fresh  distillation  will  afford  an  additional  quantity  of  a  weaker  acid. 

1615.  The  presence  of  formic  acid  may  be  easily  ascertained. 
When  the  acid  or  formate  of  soda  is  put  into  a  solution  of  anysaltof 

gold,  platinum,  or  silver,  an  effervescence  takes  place,  C  is  given  off, 
and  the  metal  is  deposited. t  When  formate  of  soda  is  mixed  with  a 
solution  of  corrosive  sublimate,  calomel  is  deposited.  When  the  acid 
is  added  to  a  solution  of  nitrate  of  lead,  crystals  of  formate  of  lead  in 
needles  are  deposited. 

1616.  Liebighas  found  that  formic  acid  maybe  obtained,  contain- 
ing only  one  atom  water,  by  decomposing  dry  formate  of  lead  by  by- 
drosulphuric  acid.    When  of  this  strength  it  is  much  more  corrosive 

than  concentrated  S.  The  smallest  drop  applied  to  the  skin  occa- 
sions a  sensation  like  that  produced  by  red-hot  iron.  A  sore  is 
produced,  which  is  long  in  healing.  This  hydrate  crystallizes  at 
32°  and  boils  at  212°  like  water.  The  common  acid,  which  is  a  bi- 
hydrate,  crystallizes  at  5°  and  boils  at  226£°.$    Formic  acid  has  a 


*  Tbe  effervescence  h  owing  to  carbonic  acid.  Pungent  vapours  of  formic  acid  are 
exhaled.  To  preserve  these,  th«  mixture  should  he  made  in  a  copper  alembic  the  top 
of  which  shouM  be  put  on  and  connected  with  the  worm  in  tbe  refrigeratory.  When 
the  violence  of'  tbe  effervescence  is  over,  the  rest  of  the  sulphuric  acid  is  to  he  added, 
the  mixture  is  to  he  agitated,  and  the  whole  distilled  over  almost  to  dryness.  A  lim- 
pid acid  liquid  is  obtained,  having  a  strong  smell,  and  consisting  of  water,  formic  acid, 
and  an  etherial  liquor.  Saturate  the  formic  acid  with  carbonate  of  lime,  and  distil  tb« 
liquor  a  secoud  time  to  preserve  the  etherial  liquid  which  comes  over  with  tbe  water, 
and  from  which  it  may  be  afterwards  separated  by  distilling  it  off  fused  chionds  of 
calcium.  T. 

t  See  his  interesting  paper  in  Amer.  Jour,  xzxii.  140. 

t  Ann.  dt  Chim.  tt  <U  Phy.  lii.  107.  f  Jour,  de  Pharm.  xxi.  381 
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considerable  resemblance  to  acetic    Very  dilute  formic  acid  is  said  ». 

to  undergo  spontaneous  decomposition  like  vinegar.* 

1617.  Mellitic  Acid.  CA+H  ==  67.48.  (L.)  Combined  with  alu-  Mellitic 

mina  this  acid  constitutes  a  rare  mineral,  meliiie  or  honey-stone.    It  *ci<1' 

may  be  obtained  by  the  following  process  of  Wohler. 

Reduce  mellite  to  fine  powder,  digest  in  a  solution  of  carbonate  of  ammonia;  Process, 
after  the  liquid  lias  taken  up  all  the  mellitic  acid,  the  excess  of  ammonia  is  ex- 
pelled by  boiling;  filter,  evaporate  until  crystals  appear.  The  crystals  are  then 
dismilvrd  in  water,  and  acetate  of  lead  added.  The  mellitate  of  lead  is  decom- 
posed by  hydrosulphuric  acid.  The  solution  separated  by  filtration  from  the  sul- 
phuret  of  lead  yields,  on  evaporation,  a  white  slightly  crystalline  powder ;  it  is 
soluble  in  alcofiol,  from  which  it  may  be  obtained  by  very  slow  evaporation  in 
'  groups  of  acicular  crystals. 


16IS.  The  dry  acid  is  not  changed  by  boiling  in  N  or  S.  The  Effect  of 
aqueous  solution  tastes  and  reacts  strongly  acid.  Boiled  in  alcohol,  heat,  &c. 
it  seems  to  form  an  acid  mellitate  of  ether.  It  forms  salts  by  uniting 
with  the  base  ;  its  alkaline  salts  are  soluble,  and  may  be  obtained  in 
crystals,  but  with  the  other  metallic  oxides  it  forms  either  insoluble 
or  very  sparingly  soluble  compounds.  These  salts  are  decomposed 
by  heat,  but  the  silver  salt  suffers  in  the  first  instance  a  peculiar 
change;  at  356°  1  eq.  of  water  is  separated. t 

1619.  Succinic  Acid.  C«Ha03,  =  50.  (T.)  This  acid  is  obtained  Succinic 
from  amber  (ruccinum),  and  hence  its  name. 

Fill  a  retort  half  wav  with  powdered  amber,  and  cover  the  powder  with  a 
quantity  of  dry  sand  ;  lute  on  a  receiver,  and  distil  in  a  sand-bath  without  em- 
ploying too  much  heat.  The  succinic  acid  attaches  itself  to  the  neck  of  the  retort. 
It  is  purified  by  dissolving  in  hot  water  and  putting  in  the  filter  a  little  cotton, 
previously  moistened  with  oil  of  amber,  which  retains  most  of  the  oil,  and  allows 
the  solution  to  pass  clear.  It  is  subsequently  crystallized  by  gentle  evaporation, 
and  this  process  is  to  be  repeated  till  the  acid  is  sufficiently  pure. 

1620.  Succinic  acid  maybe  obtained  in  three  states:  1.  com-  May  be  ob- 
bined  with  an  atom  of  water;  2.  with  half  an  atom;  and,  3.  anhy- JJjjjJ*1  in 
drous.  slates. 

The  first  is  the  crystallized  acid  of  the  shops,  when  pure.  It  is 
soluble  in  water,  but  less  so  in  alcohol,  and  scarcely  at  nil  in  ether. 
It  melts  at  356°  and  boils  at  465°.  When  the  crystallized  acid  is 
kept  for  a  long  time  in  a  retort  at  a  temperature  between  266°  and 
tt  undergoes  a  remarkable  change.  A  great  number  of  white 
needles  are  deposited  and  a  little  water  is  disengaged.  These  nee- 
dles consist  of  succinic  acid  deprived  of  half  its  water,  while  the  por- 
tion in  the  retort  remains  unaltered. 

1621.  The  anhydrous  acid  maybe  obtained  by  distilling  a  mix-  Anhydrous 
tare  of  dry  phosphoric  acid  with  crystallized  succinic  acid.  The*5"** 
best  method  is  to  fuse  the  succinic  acid  in  a  retort,  and  then  add  the 
phosphoric  acid,  and  distil  slowly. 

Succinic  acid  dissolves  in  96  parts  of  water  at  60°,  in  24  parts  at  Solubility. 

•Thomson  states  that  he  has  preserved  for  several  years,  formic  acid  prepared  by 
Dobereiocr's  process,  dilute,  but  stronger  than  Tinegar. 

1  Since  the  silver  salt,  dried  at  212°.  can  retain  no  water,  it  is  probable  that  the 
water  is  first  formed  at  the  above  heal  by  the  hydrogen  of  the  arid,  and  the  nxyjtn  of 
ihe  oxide  of  silver,  when  the  salt  passes  into  a  combination  of  silver  and  carbonic  ox- 
ide CtOt,  the  latter  acting  the  part  of  chlorine  or  any  oiher  haloid  subsiaace. 
(Liebig.) 
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376  Vegtiablt  Acids. 

chap,  vf.  52°,  and  in  2  parts  at  212°.    The  anhydrous  acid  is  less  soluble  in 
water  than  the  hydrous,  but  more  soluble  in  alcohol  and  ether. 

1622.  The  compounds  which  this  acid  forms  with  bases  are 
termed  succinates.  The  alkaline  succinates  are  soluble  in  water. 
This  is  not  the  case  with  succinate  of  baryta,  hence  baryta  is  preci- 
pitated from  a  neutral  solution  by  succinate  of  ammonia.  This  salt 
likewise  precipitates  mercury  and  lead.  It  throws  down  iron  from 
all  solutions  provided  the  iron  be  in  the  stale  of  peroxide  and  there 
be  no  excess  of  acid  present. 

1623.  Acetic  Acid.  C<H30|  =  51.  (T.)  This  acid  is  employed  in 
three  different  states.  When  first  prepared  it  is  called  vinegar  ;  when 
purified  by  distillation  it  assumes  the  name  of  distilled  vinegar,  usually 
called  acetous  acid  by  chemists ;  when  concentrated  as  much  as  pos- 
sible it  is  called  radical  vinegar  and  acetic  acid. 

1624.  Vinegar  is  usually  prepared  by  subjecting  liquids  that  have 
undergone  the  vinous  fermentation,  to  the  action  of  air  ;  much  oxygea 
is  then  absorbed.  Many  solutions  of  vegetable  matter  produce 
vinegar.* 

When  distilled  at  a  temperature  not  exceeding  that  of  boiling  wa- 
ter, till  about  two  thirds  or  five  sixths  of  it  have  passed  over,  most  of 
the  impurities  are  left  behind  and  the  product  is  pure  acid,  diluted 
Distilled  or  with  water.    Distilled  vinegar  or  acetous  acid  is  transparent  and 
Scfd?0*     colourless,  of  a  strong  acid  taste  and  an  agreeable  odour. 
Acetic  acid.     1625.  To  obtain  acetic  acid,  or,  as  it  has  been  sometimes  called, 
radical  vinegar,  distilled  vinegar  may  be  saturated  with  some  me- 
tallic oxide,  and  the  acetate  thus  obtained,  subsequently  decomposed. 
Obtained.   Jt  is  thus  procured  by  distilling  acetate  of  copper,  or  crystallized  ver- 
digris, in  a  glass  retort  heated  gradually  to  redness :  it  requires 
re-distillation  to  free  it  from  a  little  oxide  of  copper  which  passes 
over  in  the  first  instance.    Acetic  acid  may  also  be  obtained  by 
distilling  acetate  of  soda  or  acetate  of  lead  with  half  its  weight  of 
sulphuric  acid  :  or  from  a  mixture  of  equal  parts  of  sulphate  of  cop- 
per and  acetate  of  lead  ;  in  these  cases,  the  acid  passes  over  at  a 
moderate  temperature. 
Pyroliyne-      1626.  A  considerable  quantity  of  acetic  acid  is  also  now  procured 
ousawd.    by  tne  distillation  of  wood  in  the  process  of  preparing  charcoal  for 
the  manufacture  of  gunpowder.    The  liquor  at  first  procured  is  usu- 
ally termed  pyroligneous  acid;  it  is  empyreumatic  and  impure,  and 
several  processes  have  been  contrived  to  free  it  from  tar  and  other 
matters  which  it  contains.    It  may  be  saturated  with  chalk  and 
evaporated,  by  which  an  impure  acetate  of  lime  will  be  obtained, 
and  which,  mixed  with  sulphate  of  soda,  furnishes,  by  double  decom- 
position, sulphate  of  lime  and  acetate  of  soda ;  the  latter  distilled 
with  sulphuric  acid  affords  a  sufficiently  pure  acetic  acid,  which  by 
dilution  with  water  may  be  reduced  to  any  required  strength.  The 
purification  of  this  acid  has  been  brought  to  great  perfection. t 

1627.  Acetic  acid  obtained  by  the  processes  described  is  transpa- 
ofacetic"  renl  an^  colourless,  its  odour  highly  pungent  and  it  blisters  and 
excoriates  when  applied  to  the  skin.    Its  specific  gravity  is  1.060. 

*  For  other  details  see  Fermentation. 

t  For  a  full  account  of  the  processes  see  Urt's  Did.  Art*  and  Man.  8. 
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It  is  extremely  volatile,  and  its  vapour  readily  burns.    It  combines  Sect.  11. 
in  all  proportions  with  water,  and  when  considerably  diluted  resem- 
bles distilled  vinegar.    When  highly  concentrated,  it  crystallizes  at 
the  temperature  of  40°  F.,  but  liquefies  when  its  heat  is  a  little  above 
that  point.  In  this  state  it  is  called  glacial  acetic  acid. 

1628.  Liquid  acetic  acid,  consisting  of  one  atom  acetic  acid, 

and  one  of  water,  which  has  a  specific  gravity  of  1.06296,  does  not  Properties, 
redden  litmus  paper.    It  may  be  kept  in  contact  with  dry  carbonate 
of  lime,  or  even  boiled  over  it  without  disengaging  a  single  bubble 

of  C  gas,  or  combining  with  the  lime,  yet  it  dissolves  quicklime  in- 
stantly. It  decomposes  carbonate  of  potassa,  soda,  lead,  zinc,  strontia, 

baryta  and  magnesia,  disengaging  C.  When  mixed  with  several 
times  its  volume  ofalcohol.it  loses  its  action  upon  these  carbonates.* 

1629.  Acetic  acid  possesses  but  little  energy  in  combining  with  Combining 
bases,  being  displaced  by  most  of  the  other  acids.    It  forms  with  pomtt. 
bases  a  class  of  salts  called  acetates,  several  of  which  are  important. 

They  are  all  soluble  in  water.t 

1630.  When  the  vapour  of  alcohol  is  brought  into  contact  in  the 
atmosphere  with  the  black  powder  obtained  by  mixing  hydrochlorate 
of  platinum,  potassa  and  alcohol,  vinegar  is  rapidly  formed.  It  is  thus 
prepared  in  Germany.! 


♦Pelouze,  Ann.  de  Chim.  cl  de  Phya.  i.  314.  t  Thomson's  Org.  Cketn. 

t  The  powder  is  called  PlaUna  Mohr  and  is  thus  made :  melt  platinum  ore  with  dou- 
ble its  weight  of  zinc,  reduce  the  alloy  to  powder,  and  treat  it  at  first  with  dilute 

S,  and  next  with  dilute  N,  to  oxidize  and  dissolve  out  all  the  zinc,  which  is  somewhat 
difficult,  even  at  a  boiling  heat.  The  insoluble  black-gray  powder  contains  some  os- 
miuret  of  iridium  united  with  the  crude  platinum .  This  compound  acts  like  simple 
platina-black  after  it  has  been  purified  by  digestion  in  potash  ley,  and  washing  with 
water.  Its  oxidizing  power  is  so  great  as  to  transform  not  only  formic  acid  into  the 
carbonic,  and  alcohol  into  vinegar,  but  even  some  osmic  acid,  from  the  metallic  osmi- 
um    This  powder  explodes  by  beat. 

When  the  platina-moAr,  prepared  by  means  of  zinc,  is  moistened  with  alcohol,  it  AwJo 
becomes  incandescent,  and  emits  osmic  acid;  but  if  it  be  mixed  with  alcohol  into  a  c«m 
paste,  and  spread  upon  a  watch-glass,  nothing  but  acetic  will  be  disengaged  ;  afford- 
tnc  an  elegant  means  of  diffusing  the  odour  of  vinegar  in  an  apartment. 

With  this  powder  vinegar  may  be  made  in  the  following  manner :  Under  a  large 
case,  which,  for  experimental  purposes  may  be  made  of  glass,  several  saucer- shaped 
dishes  of  pottery  or  wood  are  to  be  placed  in  rows,  upon  shelves  over  each  other,  a  few 
inches  apart.  A  portion  of  the  black  platina  powder  moistened  being  suspended  over 
each  dish,  let  as  much  vinous  spirits  be  put  into  them  as  the  oxygen  of  the  included 
air  shall  be  adequate  to  acidify.  This  quantity  may  be  inferred  Trom  the  fact,  that 
1000  cubic  inches  of  air  can  oxygenate  110  grs.  of  absolute  alcohol,  converting  them 
into  122  grs.  of  absolute  acetic  acid  and  64^  grs.  of  water. 

The  above  apparatus  is  to  be  set  in  a  light  place  (in  sunshine,  if  convenient),  at  a 
temperature  of  from  68°  to  86°  F.,  and  the  evaporation  of  the  alcohol  is  to  be  promoted 
by  hanging  several  leaves  of  porous  paper  in  the  case,  with  their  bottom  edgea  dipped 
in  the  spirit.  In  the  course  of  a  few  minutes  the  mutual  action  of  the  platina  ana  the 
alcohol  will  be  displayed  by  an  increase  of  temperature,  and  a  generation  of  acid  va- 
pours, which,  condensing  on  the  sided  of  the  glass  case,  trickle  in  streams  to  the  bot- 
tom. This  continues  till  all  the  oxygen  of  the  air  is  consumed.  If  we  wish  to  renew 
the  process,  the  case  mnst  be  opened,  and  replenished  with  air.  With  a  box  of  12 
cubic  feet  in  capacity,  and  with  7  or  8  ounces  of  the  platina  powder  we  can  in  the 
course  of  a  day,  convert  one  pound  of  alcohol  into  pure  acetic  acid,  fit  for  every  pur- 
pose, cnlinary  or  chemical.  With  from  20  to  30  lbs.  of  the  powder  (which  does  not 
waste),  we  may  transform,  daily,  nearly  300  lbs.  of  bad  spirits  into  the  finest  vinegar. 

589. 64  parts  by  weight  of  alcohol  .  .  =  His  C<  Oa 

consist  0174.88     of  hydrogen  .  =Ha 

305.76     of  carbon  .  .  =  d 

200.00     of  oxygen  .  .  =  Os 
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Chap,  vi.  The  following  are  among  the  most  important  of  the  acetates: 
Acetate  of  1631.  Acetate  of  Ammonia  is  a  very  deliquescent,  soluble  salt,  and 
extremely  difficultly  crystallizable.  In  solution,  obtained  by  satu- 
rating distilled  vinegar  with  carbonate  of  ammonia,  it  constitutes  the 
ammonia  acetas  liquidus  of  the  U.  S.  P.  which  has  long  been  used 
in  medicine  as  a  diaphoretic,  under  the  name  of  spirit  of  Minderenu- 
1632.  Acetate  of  Potassa  is  usually  formed  by  saturating  distilled 
vinegar  with  carbonate  of  potassa,  and  evaporating  to  dryness.  If 
this  salt  be  carefully  fused,  it  concretes  into  a  lamellar  deliquescent 
mass  on  cooling,  ft  is  the  terra  foliata  tartari,  and  febrifuge  salt 
of  Sylvius  of  old  pharmacy.  It  dissolves  in  its  own  weight  of  wateT 
at  60°,  and  the  solution  has  an  acrid  saline  taste. 
Of  lime,  1633.  Acetate  of  Lame,  is  a  difficultly  crystallizable  salt,  readily 
soluble  in  water,  and  of  a  bitter  saline  taste  consisting  of  1  at.  lime, 
1  at.  acid,  and  6  at.  water.*  It  is  sometimes  obtained  by  saturating 
the  vinegar  formed  during  the  distillation  of  wood,  and  employed  in 
the  preparation  of  acetate  of  alumina,  which  is  used  by  the  calico- 
printers  as  a  mordant. 
Of  iron,  1634.  Acetate  of  Iron.  The  protacetate  is  formed  by  digesting 
sulphuret  of  iron  in  acetic  acid  ;t  it  yields  green  prismatic  crystals, 
of  a  styptic  taste,  and  readily  soluble  in  water  ;  the  solution  becomes 
brown  by  exposure  to  air,  and  passes  into  pcracetate,  which  is  un- 
crystallizable,  and  obtained  by  digesting  iron  in  acetic  acid.  This 
compound  is  used  by  calico-printers,  who  prepare  it  either  by  digest- 
ing iron  in  pyroligneous  acid,  or  by  mixing  solution  of  acetate  of 
lead  with  sulphate  of  iron,  and  exposing  the  filtered  solution  to  air. 
Of  zinc,  1635.  Acetate  of  Zinc,  1  at.  acid,  5  ox.  zinc,  7  water,  (T.)  is  form- 
ed either  by  dissolving  oxide  of  zinc  in  acetic  acid,  or  by  mixing  a 
solution  of  sulphate  of  zinc  with  one  of  acetate  of  lead.  It  crystal- 
lines in  thin  shining  plates  of  a  bitter  and  metallic  taste,  very  soluble, 
but  not  deliquescent.  This  salt  is  sometimes  used  in  pharmacy, 
chiefly  as  an  external  application. t 

1636.  Acetate  of  Tin.  This  mineral  is  slowly  acted  on  by  acetic 
acid,  but  a  protacetate  and  peracetate  of  tin  may  be  made  by  mixing 
acetate  of  lead  with  saturated  solutions  of  the  protochloride  and  per- 
chloride  of  tin.  These  solutions  have  been  recommended  as  mor- 
dants for  the  use  of  dyers.  The  protacetate  is  crystallizable.  Vine- 
gar kept  in  tin  vessels  dissolves  a  very  minute  portion  of  the  metal; 
and  in  pewter  vessels  it  likewise  dissolves  a  small  portion  of  the 
lead,  where  in  contact  both  with  the  vinegar  and  air ;  hence  distilled 

If  we  combine  with  this  mixture  -100  parts  of  oxygen        =  0« 

we  hare  of  water        337.44      .      .      .      =  He  Oa 

643.20  .      -      =  He  C4  Os 


Hence  100  parts  by  weight  of  alcohol  take  6S.89  parts  of  oxygen,  and  there  ar*  pro; 
duced  68. tl  parts  of  water,  and  1 10.78  of  acetic  acid.  Ure's  Diet,  qf  Arts  and  Manuf. 


1001. 


t  According  to  Thomson  it  consists  of  l  atom  acetic  acid,  1  protoxide  of  iron,  S 
atoms  water. 

t  According  to  Messrs  Aikin,  the  specific  gravity  of  a  saturated  solution  of  acettte 
of  zinc,  made  by  digesting  the  salt  in  distilled  vinegar,  is  1055.  Of  this  solution  sod 
grains  contain  63  of  dry,  or  82.6  of  crystallized  acetate.  One  ounce  by  measure  of  the 
solution  weighs  506  grains,  and  contain  29.8  grams  of  dry,  or  464  grains  of  crystallized 
salt. 
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Tineffur,  which  has  been  condensed  in  a  pewter  worm,  affords  gene-   Sea.  tL 
rally  traces  of  both  metals.* 

1637.  Acetate  of  Copper.    By  exposing  copper  to  the  fumes  of  Acetate  of 
vinegar,  it  becomes  gradually  incrusted  with  a  green  powder  called  coppe'i 
verdigrisj  which  is  separable  by  the  action  of  water  into  an  insolu- 
ble subacetate  of  copper,  and  a  soluble  acetate.  . 

Acetate  of  copper  may  be  obtained  by  digesting  verdigris,  or  oxide 
of  copper,  in  acetic  acid  ;  by  evaporating  this  solution,  it  is  obtained 
in  prismatic  crystals  of  a  tine  green  tint.  It  dissolves  sparingly  in 
water  and  alcohol,  and  communicates  a  beautiful  blue-green  colour 
to  the  flame  of  the  latter ;  by  distillation  it  affords  a  very  pure  acetic 
acid. 

1638.  Acetate  of  Lead.    1  at.  acid,  1  protox.  lead,  3  water  (T).  of  lead, 
This  is  the  Sugar  of  Lead,  and  Salt  of  Saturn  of  the  old  chemists  : 

it  may  be  regarded  as  the  most  important  of  the  acetates  ;  it  is  used 
in  pharmacy,  and  by  dyers  and  calico-printers  for  the  preparation  of 
acetate  of  alumina  and  of  iron,  which  are  formed  by  mixing  its  solu- 
tion with  that  of  the  sulphates  of  those  metals,  an  insoluble  sulphate 
of  lead  being  at  the  same  time  produced.  Acetate  of  lead  is  formed 
by  digesting  the  carbonate  in  distilled  vinegar,  or  in  the  acetic  acid 
obtained  by  the  destructive  distillation  of  wood  ;  it  usually  occurs  in 
masses  composed  of  acicujar  crystals ;  the  crystalline  form  is  an 
oblique  angled  prism. t  Its  taste  is  sweet  and  astringent,  and  it  is 
soluble  in  about  four  parts  of  water  at  60°. 

When  exposed  to  the  air  it  undergoes  no  change.  When  dissolved 
in  water,  a  small  quantity  of  white  powder  falls,  which  is  a  carbo- 
nate of  lead,  formed  by  the  carbonic  acid  which  usually  exists  in 
water,  or  a  sulphate  when  sulphuric  acid  is  present.  If  carbonate  of 
lead  is  formed  a  slight  addition  of  acetic  acid  renders  the  solution 
clear. 

1639.  The  sub-acetate  of  lead, ,  commonly  called  exti  actum  saturni,  Sub-acetate 
is  prepared  by  boiling  acetate  of  lead  with  litharge.    This  salt  is  less  of  lead* 
sweet  and  less  soluble  in  water  than  the  acetate,  has  an  alkaline  re- 
action and  crystallizes  in  white  plates  by  evaporation.    It  is  decom- 
posed by  a  current  of  carbonic  acid,  with  production  of  pure  carbonate 

of  lead;  and  forms  a  turbid  solution.  It  appears  from  the  analysis 
of  Berzelius  to  consist  of  1  atom  of  acid  and  3  atoms  of  the  oxide  of 
lead. 

1640.  Protacetate  of  Mercury  is  formed  by  mixing  a  solution  of  ni- 
trate of  mercury  with  acetate  of  potassa. 


Acetatea  of 
mercury. 


*  Vauqaelin,  Ann.  de  Chim.  xzxii. 

t  Diacetatc  of  Thomson,  1  atom  acid,  2  oxide  of  copper,  6  water.  According  to  Ura, 
verdigris  is  a  mixture  of  crystallized  acetate  and  subacetate  in  varying  proportions. 
See  description  of  the  manufacture  in  Ure's  Did.  1273. 

The  composition  of  the  acetate,  as  stated  by  Thomson,  is  1  at.  acid,  I  oxide  copper, 
1  water.  Phillips  has  given  the  following  comparative  statement  of  the  composition 
of  the  different  kinds  of  verdigris  r 

Acetic  acid  . 
Peroxide  copper  . 
Water  .  . 

Impurity  . 


Blue  CrriUli. 

French  Verdigris. 

Kil(H*h. 

28.30 

29.3 

29.62 

4325 

43.5 

42.2* 

28.46 

25.2 

27.51 

0 

2.0 

0.62 

100 

100 

100 

1UU 

X  Brooke,  in  Ann-  PhUot.  (2d  series)  vi.  374. 
I  Truacetate  of  Thomson  who  has  described  several  acetates  of  lead,  for  an  account 
of  which  see  Jnorg.  Gum.  li.  642. 
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Chap.  VI.      For  this  purpose  dissolve  three  ounces  of  mercury  in  aboat  four  ounces  and  a 

 ~  half  of  cold  nitric  arid,  sad  mix  this  solution  with  throe  ounces  of  acetate  of  po- 

tassa  previously  dissolved  in  eight  pints  of  boiling  water,  and  set  the  whole  aside 
to  crystallize,  which  takes  place  as  the  liquor  cools,  and  the  acetate  of  mercury 
then  separates  in  the  form  of  micaceous  crystalline  plates,  which  are  to  be  washed 
in  cold  water,  and  dried  on  blotting-paper.* 

This  salt  has  an  acrid  taste,  and  is  very  difficultly  soluble  in  water, 
requiring,  according  to  Braconnot.t  600  parts  of  water.  It  is  inso- 
luble in  alcohol.  It  was  once  used  in  medicine.!  The  peracetate 
is  formed  by  dissolving  red  oxide  of  mercury  in  acetic  acid,  and 
boiling  the  solution  on  fresh  oxide  till  the  acid  is  saturated. 
Acetate  of  1641.  Acetate  of  Alumina.  This  salt  is  extensively  employed 
«iumma.  by  calico-printers  as  a  mordant  or  basis  for  fixing  colours ;  they  pro- 
duce it  by  mixing  solutions  of  alum  and  acetate  of  lead  :  about  three 
pounds  of  alum  are  dissolved  in  eight  gallons  of  water,  and  a  pound 
and  a  half  of  sugar  of  lead  stirred  into  it ;  a  copious  formation  of  sul- 
phate of  lead  ensues  which  is  allowed  to  subside,  and  the  clear  liquor 
holding  acetate  of  alumina  and  a  portion  of  undecomposed  alum  in 
solution,  is  then  drawn  off,  a  portion  of  pearlash  and  chalk  being 
added  to  it  previous  to  use,  in  order  to  saturate  any  excess  of  acid. 

1642.  Acetate  of  alumina,  formed  by  digesting  recently  precipitated 
alumina  in  acetic  acid,  may  be  procured  in  deliquescent  acicular  crys- 
tals of  an  astringent  taste,  and  containing,  according  to  Richter, 
73.81  acid  +  26.19  alumina:  hence  it  is  probably  a  binacetate. 

This  salt  is  also  produced  by  the  mutual  decomposition  of  acetate 
of  lime  and  alum.  A  gallon  of  a  solution  of  the  acetate,  of  a  sp.  gr. 
of  about  1.050,  equivalent  to  nearly  half  a  pound  avoirdupois  of  dry 
acetic  acid,  is  employed  for  every  2£  lbs  of  alum. $ 

1643.  Lactic  Acid.  C6H«04  «=  72.  When  milk  is  kept  for  some 
time  it  turns  sour,  and  to  the  acid  evolved  Scheele  gave  the  name 
lactic  ;  it  has  since  been  obtained  from  several  vegetable  bodies  left  to 
spontaneous  fermentation.  Gay-Lussac  and  Pelouze  have  obtained  it 
from  the  beet  root  juice. II  It  is  colourless,  of  a  syrupy  consistence, 
and  at  69°  has  a  sp.  gr.  of  1.215.    It  has  no  smell,  but  is  extremely 

sour.  Water  and  alcohol  dissolve  it.  Boiled  with  concentrated  N 
it  is  converted  into  oxalic  acid.  It  dissolves  the  phosphate  of  lime 
of  bones  rapidly ;  boiled  with  acetate  of  potassa,  it  disengages  the 
acetic  acid. 

1644.  The  concentrated  acid,  heated  gradually,  becomes  more 
fluid,  darker,  and  gives  a  white  solid,  which  when  pure  dissolves  in 
boiling  alcohol,  front  which  crystals  are  deposited  on  cooling.  The 
crystals  fuse  at  125°,  and  boil  at  482° :  they  give  out  white  irritating 
vapours,  which  condense  upon  cold  surfaces  and  recrystallize  ;  they 
are  inflammable.  The  salts  formed  with  this  acid  are  termed  lac- 
tates.^ 


Lactic  acid. 


Effect  of 


*  E<Hn.  Pharmacov.  In  preparing  this  salt,  the  quantity  of  water  for  dissolving 
the  acetate  need  not  he  so  large  as  above  directed,  one  pint  being  sufficient,  but  it  is 
necessary  to  pour  the  mercurial  solution  into  the  acetate. 

t  Ann.  de  Chim.  lxxxvi.  99.  t  Proust,  Jour,  de  Pays.  lvi. 

§  Ure's  Diet.— art.  Alumina. 

||  For  details  of  the  process  see  Thomson's  Chem.  of  Org.  Bodies,  1.22. 

*  Liebig  has  shown  that  the  acid  in  tsuer  kraut  it  the  lactic.   Ann.  de 
xxlii.  113. 
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1645.  Benzoic  Acid.    This  acid  exists  in  gum  benzoin,  in  dragon   »cu  h. 
blood,  &c. ;  it  is  formed  according  to  Liebig  by  the  oxidation  of  the  Benzoic 
hyduret  of  benzule*  in  the  air,  and  by  the  decomposition  of  many  acid- 
compounds  of  benzule  and  of  hipparic  acid  and  amygdaline  by  oxidi- 
zing agents ;  by  the  action  of  potassa  on  the  essential  oils,  cinnamon 

oil,  &-c. 

Gam  benzoin,  in  coarse  powder,  alone  or  mixed  with  an  equal  weight  of  sand,  Process, 
is  spread  upon  the  bottom  of  a  round  vessel  of  iron,  the  sides  of  which  should 
not  be  more  than  three  inches  high.  A  sheet  of  dry  bibulous  paper  is  stretched 
tightly  over  the  opening,  and  fastened  to  the  sides  of  the  vessel  by  a  little  paste. 
A  hat  made  of  thick  paper,  and  of  the  common  form  of  a  man's  hat,  is  made  to  ro- 
ver the  whole,  and  tightly  tied  to  the  sides  of  the  vessel  by  a  strong  string.  The 
vessel  is  now  placed  upon  sand  spread  upon  an  iron  plate,  below  which  afire  is 
kept  for  3 — 4  hours.  The  vapours  of  the  sublimed  benzoic  acid  pass  readily 
through  the  pores  of  the  bibulous  paper,  and  are  deposited  in  crystals  upon  the 
hat ;  the  crystals  are  prevented  from  falling  back  into  the  iron  vessel  by  the  pa- 
per which  closes  its  opening,  t  This  is  continued  as  long  as  a  deposite  of  crys- 
tals is  observed. 

Or  in  the  moist  way  ;  equal  parts  of  finely  powdered  benzoin  and  The  moist 
hydrate  of  lime  are  most  intimately  mixed,  and  then  boiled  for  se-  way' 
veral  hours  in  40  parts  of  water;  the  filtered  liquid  must  then  be 
evaporated  to  one  fifth  its  vol.  and  treated  with  hydrochloric  acid, 
when  the  benzoic  acid  will  crystallize  as  the  solution  cools.t 

Or  hippuric  acid$  is  boiled  for  one  quarter  of  an  hour  in  nitric  acid  Another, 
of  sp.  gr.  1.42,  after  which  water  is  added  and  the  solution  allowed 
to  crystallize.    The  acid  obtained  from  gum  benzoin  is  purified 
either  by  a  second  sublimation,  or  being  boiled  in  nitric  acid,  or  by 
passing  chlorine  gas  through  its  boiling  aqueous  solution. 

1646.  The  benzoic  acid  exists  ready  formed,  and  principally  in  a  Ready 
free  suite,  in  the  gum  benzoin,  from  which  it  is  separated  by  subli-  |°nn«<l  io 
mation.    On  boiling  hydrate  of  lime  with  gum  benzoin,  the  benzoic  nzoIn* 
acid  is  dissolved,  and  the  resinous  parts  left;  by  a  strong  acid  the 
benzoate  of  lime  is  decomposed,  and  the  benzoic  acid  separated. || 

1647.  This  acid  crystallizes  in  soft  while  scales,  which  are  flexi-  Properties, 
ble,  transparent,  and  of  a  pearly  lustre ;  or  in  hexagonal  needles. 

When  pure  it  is  inodorous,  but  if  gently  warmed  it  smells  like  gum 
benzoin ;  it  has  a  slightly  biting  but  sweetish  taste,  produces  a  burn- 
ing sensation  in  the  throat,  reddens  litmus  feebly,  fuses  at  250°,  sub- 


Suberie  Acid.  C*H«Os,  is  obtained  by  digesting  cork  in  nitric  acid. 
Naphthoic  Acid,  see  Naphthaline. 

*  Benzule  denotes  the  hypothetical  radical  of  a  series  of  compounds  which  are 
produced  from  the  volatile  oil  of  the  bitter  alrooud,  or  are  connected  with  it  by  certain 
relations.  The  oil  of  bitter  almonds  itself  is  always  a  product  of  the  decomposition  of 
ainygdalin,  which  exists  in  the  kernels  of  most  stone  fruits,  and  in  the  leaf  of  the  lauro- 
cerassus,  from  which  it  may  be  obtained  in  a  variety  of  ways.  Its  formula  is 
Ch  Hs  Oa  ;  symb.  =  Bz ;  eo^.  =  106.68.   Liebig  and  Turner's  El  em.  823. 

Benzule  has  not  been  obtained  in  a  free  slate,  but  may  be  separated  from  one  sub- 
stance and  transferred  to  another  in  numerous  combinations. 

tMohr. 

l  If  less  lime  be  taken,  or  if  a  perfect  admixture  be  neglected,  the  whole  will  bake 
into  a  solid  mass  in  the  boiling  water ;  in  this  case  the  hard  fragments,  after  the  whole 
has  cooled,  must  be  again  mixed  with  hydrate  of  lime. 

*  An  acid  obtained  from  the  urine  of  the  horse,  convertible  into  benzoic  acid,  see 
process  in  Thomson's  Org.  Chan.  47. 

||  For  an  economical  method  of  purifying  the  acid  see  Ann.  dt  Chim.  el  Phy$.,  Ivi. 
443,  and  Thomson's  Org.  Chem.  42. 
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ctup.  VL  limes  at  300°,  (an  appearance  of  light  is  frequently  observed  in  the 

dark,)  boils  at  462°,  yielding  a  vapour  of  sp.  gr.  4.27. 

The  sublimation  may  be  beautifully  seen  by  suspending  a  small  Fir- 
branch  of  a  shrub  within  a  tall  glass  without  a  bottom,  placing  a 
small  quantity  of  the  acid  upon  a  plate  of  metal  on  a  stand,  cover- 
ing it  with  the  jar  and  applying  the  heat  of  a  lamp  to  vaporize  the 
acid  ;  the  branch  will  be  covered  with  delicate  white  crystals  of 
the  acid. 

cVloriM  f       1MB.  It  is  not  changed  by  chlorine,  or  by  being  boiled 


with  dilute  N,  but  by  the  fuming  acid  it  is  converted  into 
a  yellow  resinous  sabstance  of  a  strongly  bitter  taste.  It 

is  dissolved  by  concentrated  S,  but  falls  upon  the  addition  of  water. 
It  is  soluble  in  200  parts  of  cold  and  25  parts  of  boiling  water.  Its 
formula  is  CMH503-j-aq.,  or  BzO-{-aq. ;  eq.  =123.68. 

1649.  Benzoate  of  Ammonia,  NH40,  BzO,  is  prepared  by  dis- 
Iia"uu""  solving  benzoic  acid  in  pure  concentrated  ammonia,  by  the  aid  of 
heat,  till  the  latter  is  saturated,  when  it  is  allowed  to  cool.  It  forms 
feathery  acicular  crystals,  which  deliquesce  in  a  moist  air,  and  are 
soluble  in  absolute  alcohol.  The  acid  salt  is  formed  by  boiling  and 
exposing  to  spontaneous  evaporation  the  neutral  salt,  with  the  loss  of 
ammonia,  it  is  deposited  in  large  regular  crystals. 
Soluble  and  1650.  The  soluble  benzoates  of  metallic  oxides  have  a  strong  biting 
ben°zoate.  so,i,ie  tasle.  and  are  decomposed  by  most  other  acids  with  the  sepa- 
ration of  benzoic  acid  ;  the  same  change  occurs  with  the  insoluble 
salts,  when  the  acid  which  is  added  forms  a  soluble  salt  with  the 
metallic  oxide.  The  benzoates  of  the  alkalies  are  decomposed  by 
destructive  distillation  into  carbonates,  and  a  variety  of  new  products- 
Exposed  to  a  red  heat  with  an  excess  of  hydrate  of  lime,  the  acid  is 
decomposed  into  benzole,*  and  carbonic  acid  which  unites  with 
the  lime.t  l. 

Fixed  Acids. 

Malic  acid  1651  Malic  Acid.  C4H,0„  eq.  60.0.  The  existence  of  a  peculiar 
"  acid  in  the  juice  of  apples,  was  shown  by  Scheele,  in  1785.  He  ob- 
tained it  by  adding  solution  of  acetate  of  lead  to  the  expressed  juice 
of  unripe  apples,  by  which  a  malate  of  lead  was  formed,  and  after- 
wards decomposed  by  sulphuric  acid.  Vauquelin  obtained  it  by  a 
similar  process  from  the  juice  of  the  house-leek.  The  same  acid  ex- 
ists in  the  berries  of  the  mountain-ash,  from  which  it  was  first 
obtained  by  Donovan  in  1815,  and  called  by  him  sorbicacid  ;  he  has 
given  the  following  process  for  its  preparation.^ 

Express  the  juice  of  the  ripe  berries,  and  add  solution  of  acetate  of  lead,  filter, 
and  wash  the  precipitate  with  cold  water,  then  pour  boiling  water  upon  the  filter, 
and  allow  it  to  pass  through  the  precipitate  into  gloss  jars  ;  after  some  hours  crys- 
tals are  deposited,  which  are  to  be  boiled  with  2.3  times  their  weight  of  sulphuric 
acid,  specific  gravity  1.090.    The  clear  liquor  is  to  be  poured  off,  and,  while  still 

*  73.44  carb.+6  hjrd.  =  79.44 ;  CiaHc.  (Liebig.) 

t  For  description  of  benzoates  sec  Turner  and  Liebig's  El  cm.  827. 
Cinnamomic  Acid  was  obtained  by  Dumas  and  Peligot  from  oil  of  cinnamon, 
which  they  consider  a  compound  of  hydrogen  and  the  base  of  this  acid  or  cinnamoyl. 
The  oil  they  term  hydret  of  cinnamoyl.   This  acid  occurs  in  old  oil  of  cinnamon  ia 
large  yellow  crystals,  soluble  in  boiling  water. 
Etculic  Acid  is  obtained  from  the  horse-chestnut  (Esculus  hippocaatatum). 

tPhil.  Train.  1816. 


» 
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hot,  a  stream  of  sulphuretted  hydrogen  is  to  be  passed  through  it,  to  precipitate   8«cu  It. 
the  remaining  lead  ;  the  liquid  is  then  filtered,  and  when  boiled  so  as  to  expel  ~~""""* 
the  sulphuretted  hydrogen,  is  a  solution  of  the  pure  vegetable  acid. 

Malic  acid  may  also  be  obtained  by  steeping  sheet-lead  in  the 
juice  of  apples  ;  in  a  few  days,  crystals  of  malate  of  lead  form,  which 
may  be  collected  and  decomposed  by  dilute  sulphuric  acid.* 

1652.  Malic  acid,  when  carefully  prepared,  is  colourless  and  very  p  . 
sour.    It  forms  crystallizable  salts  with  many  of  the  metallic  oxides, 

and  its  salts  are  termed  malatesA 

1653.  Citric  Acid,  C<HaO«,  eq.  60.0,  is  obtained  by  the  following  Citric  acid. 

process  from  lemon  or  lime  juice : 

Boil  the  expressed  juice  for  a  few  minutes,  and  when  cold,  strain  it  through  how  pre_ 
fine  linen ;  then  add  powdered  chalk  as  long  as  it  produces  effervescence,  heat  pared, 
the  mixture,  and  strain  it  as  before :  a  quantity  of  citrate  of  lime  remains  upon 

washed  with  cold  water,  is  to  be  put  into  a  mix- 


the  •trainer,  which, 

lure  of  sulphuric  acid  with- twenty  parte  of  water  :  the  proportion  of  acid  may  be 
about  equal  to  that  of  the  chalk  employed.  In  the  course  of  twentyfour  hours 
the  citrate  of  lime  will  have  suffered  decomposition,  and  sulphate  of  lime  is 
formed,  which  is  separated  by  filtration.  The  filtered  liquor,  by  careful  evapo- 
ration, as  directed  for  tartaric  acid,  furnishes  crystallized  citric  acid.t 

In  different  states  of  purity  it  is  employed  by  the  calico-printers, 
and  used  for  domestic  consumption.  The  proportion  of  citric  acid 
afforded  by  a  gallon  of  good  lemon-juice,  is  about  eight  ounces. § 

1654.  Citric  acid  may  be  obtained  from  currants  by  the  following  Process 
process :  wun  cur" 

Pound  the  currants  and  cause  them  to  ferment ;  when  this  is  over,  distil  to 
the  alcohol.    Saturate  the  hot  liquid  with  chalk  ;  wash  the  citrate  of 


lime  with  water,  and  press.  Mix  the  citrate  of  lime  with  water,  and  reduce  to 
the  consistence  of  syrup  ;  decompose  by  sulphuric  acid  diluted  with  twice  its 


weight  of  water.  Saturate  the  citric  acid,  thus  obtained,  with  carbonate  of  lime  ; 
press  and  treat  as  before  with  sulphuric  acid.  Remove  the  colour  by  animal 
charcoal  and  evaporate. || 

1655.  Citric  acid  forms  prismatic  crystals  of  a  very  sour  taste,  characters, 
very  soluble  in  water,  and  containing,  according  to  Berzelius,  1  atom 

real  acid  +  2  atoms  water,  a  portion  of  which  it  loses  by  exposure 
to  heat. 

1656.  Exposed  to  heat,  the  crystals  undergo  the  watery  fusion, 
and  the  acid  is  itself  decomposed. IT 

1657.  Tartaric  Acid.    C<HaO„  eq.  66.24.    j  ^pjSSto^ 

{  Pyruvic. 

This  acid  exists  in  several  vegetable  substances ;  it  is  one  of  the 
sour  principles  of  many  fruits,  and  is  said  to  be  abundant  in  the  po- 
tato-apple. Tartaric  acid  is  generally  obtained  from  the  bi-tartrate 
of  pot  ana,  {purified  cream  of  tartar.) 

Mix  100  parts  of  this  salt  in  fine  powder  with  30  of  powdered  chalk,  and  gra- 
dually  throw  the  mixture  into  10  times  its  weight  of  boiling  water;  when  the  JM^JL 
liquor  has  cooled,  pour  the  whole  upon  a  linen  strainer,  and  wash  the  white  °  1 

*  For  other  processes,  die.,  see  Thomson's  lnorg.  Bodies,  ii.  76. 

t  For  an  account  of  which,  and  of  th«  acids  derived  from  the  decomposition  of  malic 
acid,  see  T.  Org.  Bodk*,  63. 

*  For  a  mode  of  obtaining  it  from  gooseberries  see  Ann.  Philot.  N.  S.  iv.  152. 
Many  circumstances  which  hare  not  here  t*eu  alluded  to,  are  requisite  to  eosure 

complete  success  in  the  operation  j  these  have  been  fully  described  by  Parkes,  in  his 
Chem.  K*$ay*. 

I  Twenty  gals,  of  good  lemon-juice  afford  to  lbs.  of  crystals.  (Ure.) 

H  Tilloc  in  Ann.  de  Chim.  tt  de  Phy*.  xxxix.  233.  * 

T  For  derivative  acids  see  T.  or  B.  63,  and  for  Citrate*,  B.  ii.  615. 
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Chap  VI.  powder  which  remains  with  cold  water;  this  is  a  tartrate  of  lime;  diffuse  it 
through  a  sufficient  quantity  of  water,  add  sulphuric  acid  equal  in  weight  to  tst 
chalk  employed,  and  occasionally  stir  the  mixture  during  24  hours  ;  then  filler, 
and  carefully  evaporate  the  liquor  to  about  one  fourth  its  original  bulk  ;  filter 
again,  and  evaporate  with  much  care  nearly  to  dryness;  re-dissolve  the  dry  mi* 
in  about  6  times  its  weight  of  water,  render  it  clear  by  filtration,  evaponte 
slowly  to  the  consistency  of  sirup,  and  set  aside  to  crystallize. 

By  two  or  three  successive  solutions  and  crystallizations,  tartaric 
acid  will  be  obtained  in  colourless  crystals,  soluble  in  6  parts  of  wa- 
ter at  60°.  Their  primary  form  is  an  oblique  rhombic  prisrn.# 
Properties.  1658.  The  crystals  melt  at  a  heat  a  little  exceeding  212°  intoa 
fluid  which  boils  at  250°  and  leaves  a  semi-transparent  mass  on 
cooling,  slightly  deliquescent. 

The  aqueous  solution  of  tartaric,  in  common  with  the  other  vege- 
table acids,  soon  becomes  mouldy,  and  suffers  decomposition. 
Forms  dou-     1669.  Tartaric  acid  has  a  great  tendency  to  combine  at  once  with 
ble  salts.    two  Dases  and  form  double  salts.    In  consequence  of  this  property  it 
prevents  antimony  from  being  precipitated  as  usual  by  water,  and 
even  hinders  alkaline  bodies  from  precipitating  solutions  of  the  me- 
tal in  acids  as  they  usually  do.  t. 
Tartrate  of     1660.  Tartrate  of  Potassa,  (formerly  soluble  tartar)  is  formed  by 
potassa.     saturating  the  excess  of  acid  in  tartar  by  potassa,  and  boiling.  Ac- 
cording to  Phillips.t  100  parts  of  tartar  require  43.5  of  sub-car- 
bonate of  potassa.     The  resulting  salt  is  soluble  in  less  than 
twice  its  weight  of  water  ;  it  forms  large  prismatic  crystals.  These 
contain  1  atom  acid,  I  potassa,  and  2£  water. 

This  salt  is  used  in  pharmacy  as  an  aperient;  it  is  the  jpetam 
tartras  of  the  Pharmacop.    Its  taste  is  saline,  and  somewhat  bitter. 
Bi  art  rate,      1661.  Bi-tartrate,  or  Supertartrate  of  Potassa.    Tartar.  This 
or  crude     substance  exists  in  considerable  abundance  in  the  juice  of  the  grape, 
tartar.       ancj  js  deposited  in  wine  casks,  in  the  form  of  a  crystallized  incrus- 
tation :  called  argol  or  crude  tartar.    It  is  purified  by  solution  and 
crystallization,  which  renders  it  perfectly  white  ;t  when  in  fine  pow- 
der it  is  termed  cream  of  tartar. 

It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  a  sola- 
tion  of  potassa.    The  mixture  presently  deposits  crystalline  grains, 
and  furnishes  a  striking  example  of  the  diminution  of  solubility  by 
Tartaric     increase  of  acid  in  the  salt.    Upon  this  circumstance  the  use  of  tar- 
acid  test  for  taric  acid  as  a  test  for  potassa  depends,  for  soda  forms  an  easily 
potassa.     soluble  supertartrate  and  consequently  affords  no  precipitate.  B. 

Its  constituents  are  2  at.  acid,  1  potassa,  2  water.  T. 
Impurities.  1662.  The  tartar  of  commerce  is  never  quite  pure.  According  to 
Thomson  it  contains  five  per  cent,  of  tartrate  of  lime.$  It  is  some- 
times adulterated  by  the  addition  of  pounded  quartz,  and  by  calca- 
reous spar ;  the  former  may  be  detected  as  an  insoluble  residue  by 
boiling  the  powdered  tartar  with  half  its  weight  of  potassa  or  of  bo- 
rax in  eight  parts  of  water ;  the  latter  produces  effervescence  with 
Acts  as  a    dilute  hydrochloric  acid. 

simple  i663 '  Bi-tartrate  of  potassa,  it  is  observed  by  Gay-Lussac,  acts,  in 

*  Brooke  in  Ann.  Philos.  vi.  N.  S.  i  Remarks  on  Pharmacop. 

t  See  process  B.  ii.  600,  and  Jour,  de  Phy».  i.  67. 

S  lnorg.  Ckem.  ii.  433.  When  present  it  separates  in  tails  of  acicular  crystals  from 
the  hot  solution.  B.  502. 
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many  cases,  like  a  simple  acid,  and  even  dissolves  oxides  that  are  gtcfc  u. 
insoluble  in  the  mineral  acids  and  in  the  tartaric  acid.    He  proposed 
its  use,  therefore,  in  mineral  analysis. 

1664.  When  exposed  to  heat,  tartar  fuses,  blackens,  and  isdecom-  {fffect°f 
posed  :  and  carbonate  of  potassa  is  the  remaining  result.    Provided  ' 
the  tartar  be  free  from  lime,  which  however  is  seldom  the  case,  this 
furnishes  a  good  process  for  obtaining  pure  carbonate  of  potassa. 

The  aqueous  solution  of  tartar  becomes  mouldy  when  exposed  to  air,  * 
and  the  tartaric  acid  being  entirely  decomposed  leaves  a  weak  solu- 
lion  of  carbonate  of  potassa. 

The  component  parts  of  tartar  render  it  an  excellent  flux  in  the 
reduction  of  metallic  ores  upon  a  small  scale,  its  alkali  promoting 
their  fusion,  and  the  carbonaceous  matter  tending  to  reduce  the 
oxides. 

1665.  Tartrate  of  Potassa  and  Soda  is  prepared  by  saturating  Tartrate  of 
the  excess  of  acid  in  tartar,  with  carbonate  of  soda  ;  it  is  the  tartras  potassa  and 
potassa  et  soda  of  the  Pharmacop. ;  it  forms  prismatic  crystals.*    It 8<xla' 

has  long  been  used  in  pharmacy  under  the  name  of  Rochelle  Salt 
and  Sel  de  Seignette.  It  consists  of  1  atom  of  the  tartrate  of  potassa, 
1  atom  of  the  tartrate  of  soda,  and  10  atoms  of  water.  T.  1 1.793. 

It  is  frequently  made  extemporaneously  by  dissolving  equal 
weights  of  tartaric  acid  and  the  sesquicarbonate  of  soda  in  separate 
portions  of  water,  and  then  mixing  the  solutions. t 

1666.  Tartrate  of  Iron  and  Potassa.    This  is  the  Ferrum  tarta-  Of  iron  and 
risatum  of  the  London  Pharmacop.,  but  it  is  most  conveniently  em-  P°tassa- 
ployed  as  a  medicine  in  solution,  which  may  be  formed  by  digesting 

1  part  of  soft  iron  filings  with  4  of  tartar. 

This  mixture  should  be  made  into  a  thin  paste  with  water,  and  digested  for 
some  weeks,  till  the  acid  is  neutralized,  fresh  portions  of  water  being  occasion* 
allv  added  to  prevent  exsiccation.  The  solution  of  this  compound  which  con- 
tains the  iron  in  the  state  of  peroxide,  is  possessed  of  some  curious  properties, 
first  pointed  out  by  Phillips.! 

1667.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling  oxide  Brunswick 
of  copper  and  tartar  in  water  :  the  solution  yields  blue  crystals  on  ^rcen- 
evaporation  ;  or  if  boiled  to  dryness,  furnishes  one  of  the  pigments 

called  Brunswick  green. 

1 66a  Tartrate  of  Antimony  and  Potassa—  Emetic  Tartar.   Th is  Tartrate  of 

compound  may  be  obtained  by  boiling  protoxide  of  antimony,  with  antimony 

pure  supertartrate  of  potassa.    It  is  the  antimonium  tartarizatum  of  jjjjd  P01**" 

the  London  and  U.  S.  Pharmacop. 

Emetic  tartar  may  be  prepared  by  boiling  a  solution  of  100  parts  of  tartar  with  prepara- 
100  parts  of  finely  levigated  glass  of  antimony,  or  of  the  scsquioxidc ;  the  ebulli-  Xl(m  0f 
tion  should  be  continued  for  half  an  hour,  and  the  filtered  liquor  evaporated  to  eme  ' 
half  its  bulk,  and  set  aside  to  crystallize  ;  octohedral  and  tertrahcdral  cry 8-  tar. 


tals  of  the  emetic  salt  are  thus  obtained  ;  and  there  is  generally  formed  along 
with  them  a  portion  of  tartrate  of  lime  and  potassa,  which  is  deposited  in  small 


*  The  forms  of  its  crystals  amine  from  the  modification  of  a  right  rhombic 
are  represented  by  Brooke  in  Ann.  PhUos.  N.  S.  v.  451. 

t  Soda  or  Sodaic  powders  of  the  shops  are  packed  in  two  distinct  papers,  the  one  blue  Sodt 
and  the  other  white,  the  blue  containing  half  a  drachm  of  carbonate  of  soda,  the  white 
irr.  xx».  of  tartaric  acid:  when  dissolved  and  mixed,  effervescence  lakes  place,  but  the 
liquid  is  by  no  means  similar  to  "  soda  water." 

t  Experimental  Examination  of  the  London  Pharmacop.  98. 

49 
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Chap.  VI.  tuft*  of  a  radiated  texture,  and  which  may  easily  be  separated  when  the  maw  m 
 dried* 

1669.  Emetic  tartar  is  a  white  salt,  slightly  efflorescent,  soluble  in 
about  14  parts  of  cold  and  2  parts  of  boiling  water.  It  is  decomposed 
by  the  alkalies,  and  when  heated  with  ammonia,  a  portion  of  protox- 
ide of  antimony  is  thrown  down,  and  a  very  soluble  compound 
remains  in  the  liquor.  Hydrosulphuric  acid  gas  produces  an  orange- 
coloured  precipitate  in  its  solution.  It  is  decomposed  by  bitter  and 
astringent  vegetable  infusions,  but  they  do  not  render  it  inactive  as  a 
medicine.t  Phillips  has  shown  that  emetic  tartar  consists  of  1  atom 
bi-tartrate  of  potassa,  3  sesquioxide  of  antimony,  3  water. 

According  to  Thomson  emetic  tartar  consists  of  2  atoms  tartaric 
Analysis.  g  atoms  sesquioxide  of  antimony,  1  atom  of  potassa  and  2 

atoms  of  water.t 

C       Derivative  Acids. 

Meconic         1670.  Meconic  Arid.    C7Ha07  eq.  100.00.  ]  Pyroineconic  CioH.O* 
a„1(j  £  Metameconic  Ci«H<  Oi«. 

This  acid  exists  in  opium  and  was  discovered  by  Sertiirner  and  called 
meconic  acid  from  the  Greek  Mtjjwcr,  poppy.  It  is  procured  by  se- 
veral processes  of  which  the  following  is  recommended  by  Thom- 
son^ as  the  easiest. 

Make  an  infusion  of  opium  in  water  acidulated  with  sulphuric  acid.  The  in- 
Process  for.  fusion  is  mixed  wilh  chloride  of  calcium  in  sufficient  auanuty  to  throw  down  the 
sulphuric  and  meconic  acids  in  combination  with  lime.  This  precipitate  is 
washed,  first  with  cold  water,  and  afterwards  with  boriing  alcohol.  It  is  next 
mixed  with  ten  times  its  weight  of  water,  and  heated  to  about  11)4°.  Add  by 
little  and  little,  agitating  violently,  a  quantity  of  hydrochloric  acid,  sufficient  to 
dissolve  the  meconate  of  lime,  which  constitutes  the  greater  part  of  the  precipi- 
tate. Pour  the  liquid  upon  a  filter,  previously  washed  with  hydrochloric  acid. 
On  cooling,  light  and  brilliant  crystals  of  bimeconate  of  lime  are  deposited, 
which  are  to  be  dried  between  the'folds  of  a  cloth  J  dissolve  them  in  hot  water, 
and  add  a  sufficient  quantity  of  hydrochloric  acid  to  decompose  the  salt.  Keep 
the  liquid  for  some  time  hot,  but  under  212°  ;  on  cooling,  crystals  of  meconic  acid 
are  deposited  |j 

To  deprive  it  of  colour,  saturate  by  a  dilute  solution  of  caustic  potassa.  Dis- 
solve the  meconate  of  potassa  formed,  in  a  small  quantity  of  hot  water ;  let  it 
cool,  and  expose  the  resulting  magma  to  pressure.  Dissolve  and  crystallize 
anew,  and  finally  decompose  the  salt  by  hydrochloric  acid. 
Hare's.  Hare  has  given  the  following  process  To  an  aqueous  infusion  of  opium  add 
acetate  of  lead,  collect  the  meconate  of  lead  by  a  filter,  and  expose  it  to  hydro- 
sulphuric  acid  gas  ;  the  meconic  acid  will  be  set  free.  The  solution  is  of  a  red- 
dish amber  colour,  and  furnishes,  by  evaporaUon,  crystals  of  the  same  hue 
Instead  of  hydrosulphuric  acid,  sulphuric  acid  may  be  used  to  liberate  the  meco- 
nic acid. 

Propertiea.     167'-  Meconic  acid  crystallizes  in  white  transparent  scales.   It  is 
not  altered  by  cold  S  or  hydrochloric  acid  ;  dilute  N  converts  it 

*  Phillips,  in  bis  Experimental  Examinations  of  the  London  Pharmaeop.,  has 
stated  several  facts  respecting  the  formation  of  this  salt,  which  will  he  found  useful  to 
the  manufacturer.    See  Bigelow's  Sequel,  76. 

i  According  to  Orfila,  the  compound  of  tannin  and  oxide  of  antimony  is  inert,  and 
he  recommends  a  decoction  of  cinchona  bark  as  an  antidote. 

t  Inorg.  Chem.  11.799.  For  an  account  of  racemic  acid  and  remarks  on  its  com- 
pounds see  T.  Org.  Chem.  67.  §  Org.  Bodies,  80. 

||  If  the  crystals  are  mixed  with  bimeconate  of  lime,  repeat  the  treatment  wilh  hy- 


drochloric  acid,  or  separate  the  crystals  of 
levigation.   T.  Chem.  Org.  Bodies,  60. 

IT  Amer.  Jour.  xii.  293.   For  other  processes,  see  B.  11,  535 


■ 
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into  oxalic  acid.  It  is  soluble  in  4  times  its  weight  of  hot  water ; 
when  long  boiled  the  solution  becomes  yellowish,  then  red,  and  at 
last  deep  brown,  at  the  same  time  C  is  disengaged,  and  the  acid  is 
changed  into  metameconic  acid,  which  is  no  longer  altered  by  the 
water.  This  change  may  be  produced  by  the  action  of  a  water-bath 
continued  for  several  days.  The  new  acid  precipitates  during  the 
cooling.  It  consists,  according  to  Liebig,  of  carbon  41.54,  hydrogen 
2.07,  oxygen  56.39. 

1672.  Meconic  acid  combines  with  bases  in  three  proportions  and  Form, 
it  forms  with  them  neutral  salts  ;  the  bisalts  strike  a  very  deep  red  salt*, 
with  the  persalts  of  iron,  which  disappears  when  the  iron  is  reduced 

to  protoxide,  but  re-appears  when  the  iron  is  again  peroxidized. 
The  meconates  are,  in  general,  insoluble  in  alcohol. 

1673.  When  nitrate  of  silver  is  poured  inta  a  solution  of  meconic  Action  of 

acid,  and  a  little  more  N  added  than  is  sufficient  to  dissolve  the  me-  JJKJ?  °f 
conate  of  silver,  if  we  heat  the  liquid  the  salt  is  converted  into  cya- 
nide of  silver.    The  liquid,  at  first  limpid,  becomes  gradually  filled 
with  flocks  of  cyanide.    It  contains  also  oxalate  of «ilv<e%i absolution. 


If  too  much  N  be  added,  much  oxalate  of  silver  is  formed,,  but  no 
cyanide.* 

C     Derivative  Adda.  ) 

1674.  Gallic  Acid.  C7H305,  eq.  85.00.  ]  Pyrogallic  Ce  Ha  03  f  This 

(  Metagallic  C12H3  Oj    )  buiu. 

acid  derives  its  name  from  the  gallnut,  whence  it  was  first  procured 
by  Scheele.  It  may  be  oblained  by  several  processes,t  among  which 
the  following  deserve  notice  : 

*  Moisten  bruised  gallnuts,  and  expose  them  for  four  or  five  weeks,  to  How  ob- 
a  temperature  of  about  80°.    A  mouldy  paste  is  formed,  which  is  to  be  squeezed  lained. 
dry,  and  digested  in  boiling  water;  it  then  affords  a  solution  of  gallic  acid,  which 
mav  be  whitened  by  animal  charcoal,  and  which,  on  evaporation*  yields  gallic 
acid,  crystallized  in  white  needles. t 

Boil  an  ounce  of  powdered  galls  in  16  ounces  of  water  down  to  8,  and  strain  ; 
dissolve  2  ounces  of  alum  in  water,  precipitate  the  alumina  by  carbonate  of  po- 
tassa,  and,  after  edulcorating  it,  stir  it  into  the  decoction  ;  the  next  day  filter  the 
mixture  ;  wash  the  precipitate  with  warm  water,  till  this  will  no  longer  blacken 
sulphate  of  iron  ;  mix  the  washing  with  the  filtered  liquor,  evaporate,  and  the 
gallic  acid  will  be  obtained  in  acicular  crystals.* 

1675.  Gallic  acid  when  pure  is  in  snow-white  needles,  requiring  properties. 
100  times  their  weight  of  cold  water  to  dissolve  them.  When 
dropped  into  a  solution  of  persulphate  of  iron,  a  deep  blue  precipitate 

falls,  which  dissolves  slowly  in  the  liquid,  and  after  an  interval  of 
some  days,  the  liquid  becomes  almost  colourless.  Sulphuric  acid 
removes  nearly  all  the  iron  and  protosulphate  of  iron  crystallizes. 
The  same  changes  are  quickly  produced  by  boiling,  with  the  disen- 
gagement of  C. 

1676.  Gallic  acid  forms  white  precipitates  with  baryta,  strontia,  Precipi- 
and  lime  water  which  redissolves  in  an  excess  of  acid.    Acetate  or 
nitrate  of  lead  produces  a  white  precipitate,  not  altered  in  colour  by 
exposure  to  the  air.ll 

*  Liebig.  t  For  others  see  T.  Inorg.  Bodies,  ii.  99,  and  B.  619. 

:  BracoQBOt,  Ann.  de  Chim.  et  Phy$.  ix.  181. 

§  Fiedler  in  Nicholson's  Did.  1.236. 

U  Pslouxs  in  Ann.  de  Chim.  et  Pkye.  Uv.  348. 
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Ch*P  Vl-  1677.  The  characteristic  property  of  gallic  acid  is  to  strike  a  deep 
Character-  blue  with  the  salts  of  iron,  particularly  the  sulphate.  The  tannin, 
istic  pro-    which  is  another  constituent  of  nutgalls,  possesses  the  same  property. 

1678.  Gallic  acid  and  tannin  are  of  great  importance  in  the  forma- 
tion of  ink,  and  the  precipitate  formed  is  retained  in  suspension  by 
mucilage.* 

Kink  acid.     1679.  Kinic  Acid.  C,sH909,  eq.  171.00.  {^ijj^'j  Kinicacid 

derives  its  name  from  having  been  discovered  in  Peruvian  bark.  A 
watery  infusion  of  the  bark  evaporated  to  a  syrup  and  treated  with 
alcohol,  leaves  a  viscid  mass  containing  kinate  of  lime  and  gum. 

Obt  i  d        soml'on  an(*  crystallization,  kinate  of  lime  may  be  procured  in 
ame  '  crystals,  from  which  the  lime  may  be  separated,  by  dissolving  the 
kinate  in  water,  and  adding  sulphuric  or  oxalic  acid.    It  forms  solu- 
ble salts  with  alkalies,  and  metallic  oxides.t 

1680.  Tannic  Acid — Tannin.  C18H90is,  eq.  212.  This  substance 

Tannic  acid. exists  in  an  impure  state  in  the  excrescences  of  several  species  of 
oak,  called  gallnuts ;  in  the  bark  of  most  trees ;  in  some  inspissated 
juices.  su<&j^Jt!jj$^d  catechu  ;  in  the  leaves  of  the  tea-plant,  su- 

Sources.  mac!l  anJi&mrTlpr>£fi^  (uva  ursa),  and  in  astringent  plants  generally, 
being  the  chief  cause  of  the  astringency  of  vegetable  matter.  It  is 
frequently  associated  with  gallic  acid,  as  in  gallnuts,  in  most  kinds 
of  bark,  and  in  tea  ;  but  in  kino,  catechu,  and  cinchona  bark,  little 
or  no  gallic  acid  is  present. 

It  may  be  prepared  pure  from  nutgalls  by  the  following  process : 

Obtained.  Into  the  mouth  of  a  flask,  fit,  by  grinding,  a  narrow  glass  vessel,  fitted  with  a 
cork,  or  stopper,  at  the  upper  end.  Fill  the  bottom  of  the  long  narrow  glass  ves- 
sel, where  it  enters  the  flask,  with  a  little  cotton,  and  place  above  the  cot- 
ton a  quantity  of  nut-galls,  in  fine  powder,  filling  about  half  the  vessel.  Pour 
over  this  a  sufficient  quantity  of  the  common  sulphuric  ether  of  commerce  to  fill 
the  rest  of  the  vessel.  Put  in  the  stopper  and  set  the  whole  aside.  The  follow- 
ing day,  there  will  be  found  in  the  flask  two  distinct  layers  of  liquid  :  one  very 
light  and  fluid  in  the  upper  part;  the  other  heavier,  of  a  light  amber 
coJour,  occupying  the  bottom.  Pour  the  whole  into  a  funnel,  stopping  the  bot- 
tom with  the  finger  ;  let  it  remain  at  rest  for  a  few  minutes,  till  the  two  liquids 


*  To  make  twelve  gallons  of  good  ink,  we  may  take  nutgalls  12  lbs.,  _ 
Jq|c.  of  iron  5  lbs  ,  gum  Senegal  5  lbs.,  water  12  gals.   The  nuigulls  are  to  be  put  )'otos 

cylindrical  copper,  of  a  depth  equal  toils  diameter,  and  boiled,  during  three  hours  with 
three  fourths  of  the  above  quantity  of  water,  adding  fresh  water  to  replace  what  is 
lost  by  evaporation.  Empty  the  decoction  into  a  tub,  draw  off  the  clear  liquor  and 
drain  the  lees.  Dissolve  the  gum  in  a  small  quantity  of  hot  water,  filter,  and  add  to 
the  clear  decoction.  The  sulphate  of  iron  must  be  separately  dissolved  and  mixed. 
The  colour  darkens  by  exposure.  But  ink  is  more  durable  when  used  pale.  Ures 
Diet.  Arts  and  Alan.  677. 

The  following  gives  a  good  ink.  Bruised  galls  8  oz.,  sulphate  of  iron  4  oz..  gam 
arabic  3  oz.,  sugar  candy  I  oz.  Boil  the  galls  in  twelve  pints  of  water  down  to  six, 
strain,  and  add  the  other  ingredients,  stirring  till  dissolved.  After  twentyfour  hoars 
decant  and  bottle.  See  other  methods  in  B.  11.523. 

The  tendency  of  the  ink  to  become  mouldy  is  much  diminished  by  keeping  a  few 
cloves  in  the  ink  botUe,  or  by  dissolving  in  each  pint  of  the  ink  about  three  grains  of 
corrosive  sublimate. 

The  colour  of  common  writing  ink  is  apt  to  fade,  in  consequence  of  the  decomposi- 
tion of  its  vegetable  matter ;  and;  when  thus  illegible,  it  may  otten  be  restored  by  wash- 
ing the  writing  with  vinegar,  anjjmibsequently  with  infusiou  of  galls.  Acids  also 
destroy  its  colouring  matter,  and  jfflose  inks  which  resist  their  action  contain  some 
other  colouring  principle,  usually  ffnely  powdered  charcoal.  Common  writing  ink  is, 
for  this  reason,  much  improved-  by  dissolving  in  the  quantity  above-mentioned  about 
an  ounce  of  Indian  Ink,  which  is  lamp-black  made  into  a  cake  with  isinglass.  See 
Macculloch  on  Indelible  Ink,  &c.  Brewster's  Jour.  i.  318,  and  Bast.  Jour.  ii.  344. 

t  For  details,  and  other  fixed  acids,  see  T.  Org.  Bodies,  89. 
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separate;  allow  the  heavier  to  fall  into  a  capsule,  and  set  the  lighter  porti 
aside  in  order  to  recover  the  ether,  of  which  it  principally  consists,  by  distillalic 


MM 

lv  consists,  by  distillation. 

Wash  the  dense  liquid  two  or  three  times  with"  sulphuric  ether  ;  then  dry  it  in  a 
stove,  or,  m  racno,  over  sulphuric  acid.  Much  vapour  of  ether  and  water  is 
disengaged  ;  the  bulk  increases,  and  a  spongy  residue  is  left,  brilliant,  and  some- 
m  colourless,  though  usually  yellowish.  This  substance  is  tannin  in  a  pure 
T.  109. 


1681.  Pure  tannic  acid  is  colourless  and  inodorous,  has  a  purely 
astringent  taste  without  bitterness,  arid  :niy  be  preserved  without 
change  in  the  solid  state,  very  soluble  in  water,  reddens  litmus,  and 
decomposes  alkaline  carbonates  with  effervescence.  Alcohol  and 
ether  dissolve  tannic  acid,  but  more  sparingly  than  water.  Solutions 
of  tannic  acid  do  not  affect  pure  protosalts  of  iron,  but  strike  a  deep 
blue  precipitate  with  the  persnlts  :  a  strong  solution  of  it  yields  a 
copious  white  precipitate  with  the  sulphuric,  nitric,  hydrochloric, 
phosphoric,  and  arsenic  acids,  but  none  with  th^  oxalic,  tartaric,  lac- 
tic, acetic,  citric,  succinic,  and  selenious  acids,  h  is  precipitated  also 
by  the  carbonates  of  potassa  and  ammonia,  by  the  alkaline  earths, 
alumina,  and  many  solutions  of  the  second  class  of  metals.  With 
riochonia,  quinia,  brucia,  strychnia,  codeia,  narcotma,  and  morphia, 
i:  yields  white  tannates,  which  are  sparingly  soluble  in  pure  water, 
but  are  dissolved  readily  by  acetic  acid.  By  digestion  with  nitric 
acid  it  yields  oxalic  acid. 

1682.  A  solution  of  tannic  acid  may  be  preserved  without  change, 
provided  it  be  excluded  from  oxygen  gas  ;  but  in  open  vessels,  it  gra-  ox^a* 
dually  absorbs  oxygen,  an  equal  volume  of  carbonic  acid  is  evolved, 

it  becomes  turbid,  and  deposits  a  crystalline  matter  of  a  gray  colour, 
nearly  all  of  which  is  gallic  acid.  After  digestion  with  a  little  ani- 
mal charcoal,  the  gallic  acid  is  perfectly  white  and  pure.  There  is 
no  doubt,  therefore,  of  the  conversion  of  tannic  into  gallic  ncid. 

1683.  Tannic  acid  is  distinguished  from  all  substances,  except  gal- 
lic acid,  by  forming  a  deep  blue  precipitate  with  persalts  of  iron,  and  Di*tj,,^j 
from  gallic  acid,  by  yielding  with  a  solution  of  gelatin  a  white  flaky 
precipitate,  which  is  soluble  in  a  solution  of  gelatin,  but  in>oluble  in 
water  and  gallic  acid.  This  substance,  to  which  the  name  of  tamio- 
gelatin  has  been  applied,  is  the  basis  of  leather,  being  always  formed  Lealher- 
when  skins  are  macerated  in  an  infusion  of  bark.  When  dried  it 
becomes  hard  and  tough,  and  resists  putrefaction.    Its  composition 

is  apt  to  vary,  according  to  the  relative  quantities  of  the  materials 

used  in  its  formation. 

To  a  strong  solution  of  gelatin  (common  glue  answers)  add  a  strong  infusion  of  g 
gallants,  the  white  precipitate  may  be  collected  upon  a  glass  rod  and  pressed 


forming  a  tough  extensible  mass  resembling  new 

1684.  From  the  experiments  of  Davy,  it  appears  that  the  inner 
cortical  layers  of  bark  are  the  richest  in  tannic  acid.  Its  quantity  is 
greatest  in  early  spring,  and  smallest  during  winter.  Ol  all  the 
varieties  of  bark  which  he  examined,  that  of  the  oak  contains  the 
largest  quantity  of  tannic  acid. 

16S5.  The  various  kinds  of  tannic  acid  obtained  from  cinchona 
bark,  kino,  and  other  sources,  correspond  in  most  respects  with  that 
above  described  ;  but  at  the  same  time  some  difference  is  observable, 
some  kinds  striking  a  green  instead  of  a  deep  blue  colour  with  the 
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chap,  vi.  persalts  of  iron.#    The  tannic  acid  from  catechu  is  less  highly  oxi- 
dized than  that  from  gallnuts. 

1686.  Artificial  Tannic  Acid.    This  substance  was  discovered  by 
Anificia!    Hatchett,  and  is  prepared  by  ihe  action  of  nitric  acid  on  charcoal.t 

For  this  purpose  100  grains  of  charcoal  in  fine  powder  are  digested  in  an  ounce 
of  nitric  acid,  of  density  1.4,  diluted  with  two  ounces  of  water,  with  a  gentle  best, 
until  the  charcoal  is  dissolved.  The  reddish-brown  solution  is  then  evaporated 
to  dryness,  in  order  to  expel  the  nitric  acid,  the  temperature  being  carefully  regu- 
lated towards  the  close  of  the  process,  so  that  the  product  may  not  be  decom- 
posed. 

Artificial  tannic  acid  is  a  brown  fusible  substance  of  a  resinous 
fracture,  astringent  taste,  and  acid  reaction  ;  soluble  in  cold  water  and 
in  alcohol.  With  a  salt  of  iron  and  solution  of  gelatin  it  acts  pre- 
cisely in  the  same  manner  as  natural  tannic  acid.  It  differs,  how- 
ever, from  that  substance  in  not  being  decomposed  by  the  action  of 
strong  nitric  acid. 

1687.  Artificial  tannic  acid  is  generated  by  the  action  of  nitric 
acid,  both  on  animal  or  vegetable  charcoaj,  and  on  pit-coal,  asphal- 
tum,  jet,  indigo,  common  resin,  and  several  other  resinous  substances. 
It  is  also  procured  by  treating  common  resin,  elemi,  assafcetida,  cam- 
phor, balsams,  &c,  first  with  sulphuric  acid,  and  then  with  alcohol. 

Oily  Acids. 

Oily  acids.  1688.  These  acids  are  so  called,  because  they  are  formed  from 
oils  or  fat,  and  enter  into  the  composition  of  soaps,  or  because  they 
possess  many  of  the  characters  of  oils.t 
Margaric  1689.  In  1813  Chevreul  made  known  an  acid  substance  which 
enters  into  the  composition  of  soaps,  to  which  he  gave  the  name  of 
margarine  and  afterwards  distinguished  it  as  margaric  acid-  He 
found  that  th  i^  acid  extracted  from  different  bodies  existed  in  two  differ- 
ent slates,  and  as  the  one  contained  more  oxygen  than  the  other,  he 
distinguished  them  at  first  by  the  name  of  mar  gar  mis  and  margaric 
acids.  But  he  afterwards  thought  better  to  give  to  margarous  acid 
the  name  of  stearic  acid.y  and  to  retain  the  term  margaric  acid  for 
the  latter. 

1690.  The  method  of  procuring  stearic  acid  is  as  follows  : 

acid,  Make  a  soap  by  boiling  mutton  suet  and  caustic  potassa  together,  with  a  suffi- 

Process  for,  cieni  quantity  of  water,  till  the  whole  is  converted  into  soap.  Dissolve  one  part 
of  this  soap  in  6  parts  of  warm  water,  and  mix  the  solution  with  about  40  parts  of 
cold  water,  and  leave  it  for  some  time  in  a  temperature  about  60°,  or  between 
60°  and  70°  A  substance  precipitates  of  a  pearly  lustre,  which  is  a  mixture  of 
bistearate  of  potassa  and  margarate  of  potassa.  Collect  this  on  a  filter  and  wash 
it.  The  liquid  that  has  passed  through  the  filter  being  mixed  with  a  little  acid 
to  saturate  the  potassa,  will  yield  an  additional  quantity  of  this  two-fold  soapy 
salt.  By  repeating  this  process  several  times,  all  the  bistearate  and  margarate  of 
potassa  is  obtained,  and  the  water  retains  only  the  oleate  of  potassa.  The  bi- 
stearate and  margarate  of  potassa  is  to  be  dried  and  dissolved  in  about  20  times 
its  weight  of  hot  alcohol  or  0.82.    When  the  alcohol  cools,  a  quantity  of  bistear- 

*  These  have  been  distinguished  by  names  formed  from  that  of  the  substances  which 
afibrd  them.   See  Thomson,  Org.  Bodies,  1 12. 

t  PhiL  Trans.  I  SOS — 6. 

t  Thomson  include?  twentythree  acids  in  this  group.  They  were  first  distinguished 
by  Chevreul,  who  devoted  ten  years  to  the  assiduous  study  of  fixed  oils  and  fats.  A 
few  only  of  the  most  important  will  be  described  in  the  followine  pages,  referring  to 
Thomson's  work  for  the  study  of  the  greater  number.        i  From  otso^,  tallow. 


acid. 
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tie  of  potaisa,  mixed  with  margarate,  precipitates,  and  oleate  and  margarate  of  po»    Beet.  II. 
remains  in  solution  in  the  alcohol.    By  repeated  solution  in  boiling  alcohol 


and  cooling,  the  two  substances  are  separated.  If  the  acid  does  not  now  melt  in 
water  till  the  temperature  rises  to  158°  it  is  pure  stearic  acid.  The  pure  stearate 
of  potassa  is  then  decomposed  by  boiling  with  hydrochloric  acid  and  water ; 
when  cool  the  stearic  acid  is  separated. 

1691.  Stearic  Acid,  CtoH.Oj,  eq.  527,  is  white,  tasteless,  and  des-  Properties, 
titute  of  smell,  insoluble  in  water  ;  soluble  in  alcohol  at  167°  from 

which  it  crystallizes  at  122°,  becoming  solid  at  113°.  It  reddens  ve- 
getable blues  and  combines  with  bases  forming  salts  called  stearates. 
It  burns  like  wax. 

1692.  Margaric  Acid,*  C^H^O,,  eq.  562,  is  distinguished  from  Margaric 
the  last  by  melting  at  140°,  while  that  requires  a  temperature  of acid' 
158*.    When  it  is  distilled  with  lime,  a  soft  matter  is  obtained,  which 

when  pressed  between  folds  of  blotting  paper,  gives  out  oil,  and  a 
white  substance  remains  which  has  been  named  margarone. 

1693.  To  obtain  pure  margarone  it  is  to  be  repeatedly  dissolved  Obtained, 
in  alcohol,  and  allowed  to  separate  by  crystallization,    ft  is  while, 
brilliant,  and  has  a  pearly  lustre.    It  is  a  non-conductor  of  electricity 

and  becomes  electric  by  friction  and  pressure.  It  dissolves  in  fifty 
times  it3  weight  of  boiling  alcohol,  of  sp.  gr.  0.936  but  is  mostly  de- 
posited on  cooling  ;  is  incapable  of  forming  a  soap.  It  differs  from 
margaric  acid  by  wanting  an  atom  of  carbonic  acid. 

1694.  Oleic  Acid,  CToH,a07,  eq.  538,  is  obtained  from  soap  made  Oleic  acid, 
with  linseed  or  hemp  oil  with  potassa.    It  is  somewhat  coloured  and 

has  an  elherial  smell,  is  insoluble  in  water,  but  soluble  in  alcohol. 
It  decomposes  the  alkaline  carbonates,  reddens  litmus,  and  forms 
salts,  or  rather  soaps,  to  which  the  name  of  oleates  is  given.  It  burns 
like  the  fixed  oils. 

1695.  When  olive  oil  is  treated  with  half  its  weight  of  concen-  ^J"^ 
trated  sulphuric  acid  three  acids  are  obtained,  one  of  which  has  been  u 
called  sidpho-oleic,i  and  this  decomposed  affords  hydro-oleic  acid. 

From  the  last  named  acid  two  liquids  have  been  obtained  having  the 
same  composition  as  defiant  gas,  one  of  these  boils  at  131°,  the  other 
at  230°.    The  first  has  been  recently  called  Olein,  the  second  Elain.  Olein. 

1696.  Olein  is  white,  very  liquid,  and  lighter  than  water,  with  a 
strong  odour,  very  combustible,  and  burning  with  a  greenish  flame. 
Its  vapour  appears  to  be  poisonous. 

Elain  is  less  soluble  in  alcohol,  and  burns  with  a  fine  white  flame.  Elam- 
According  to  Thomson,  olein  is  composed  of  6  carbon  and  6  hydro- 
gen, and  elain  of  9  carbon  and  9  hydrogen.! 

Acids  containing  Nitrogen.** 

1697.  Azulmic  Acid.  C8H4N404.  eq.  140.  Boullay  has  given  this  Azulmic 
name  to  an  acid  obtained  from  cyanogen  gas  that  has  undergone  spon- lcl  " 
taneous  decomposition.  It  is  insoluble  in  water,  but  is  dissolved  by  ni- 
tric acid  and  assumes  a  beautiful  aurora-red  colour.    By  heat  it  is 

*  From  ftaoyaotirji  a  pearl.  t  Fremy,  Ann.  de  Pharm.  xx.  50. 

t  Ch  lor  op  hen  itic  and  chJorophtnesic  acids  have  been  obtained  from  coal-tar  by  Lau- 
rent, \  y  the  action  of  chlorine,  and  were  named  from  a  supposed  base,  phene  (from 
qp***s*  /  thine),  from  their  supposed  existence  in  oil  gas.  Ann.  de  Chim,  el  de  Phyt. 
Ixiii.  27.   For  details  see  T.  Org.  Bodies,  129. 

*Ofthete( 
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Chap,  vi.  converted  into  hydrocyanate  of  ammonia,  and  a  gas  is  evolved  which 

burns  with  a  blue  flame  and  the  odour  of  cyanogen. 
Indigotic  1698.  Indigotic  Acid.  CsH7£NljOu.  This  acid  is  obtained  fey 
boiling  indigo  in  rather  dilute  nitric  acid,  formed  by  mixing  nitric 
acid  of  sp.  gr.  1.2  with  an  equal  weight  of  water.  To  the  solution, 
kept  boiling,  indigo,  in  coarse  powder  is  gradually  added,  ns  long  as 
effervescence  continues ;  and  hot  water  is  occasionally  added  to  sap- 
ply  loss  by  evaporation.  The  impure  indigotic  acid,  deposited  in 
cooling,  is  boiled  with  oxide  of  lead  and  filtered,  in  order  to  separate 
resin  ;  and  the  clear  yellow  solution  is  decomposed  by  sulphuric  acid, 
and  again  filtered  at  a  boiling  temperature.  On  cooling,  the  acid 
crystallizes  in  yellowish-white  needles.  In  order  to  purify  them 
completely,  they  were  digested  in  water  with  carbonate  of  baryta; 
and  the  indigotate  of  baryta,  deposited  from  the  hot  filtered  solution 
in  cooling,  was  dissolved,  in  hot  water,  and  decomposed  by  an  acid. 
Indigotic  acid  was  thus  obtained  in  acicular  crystals,  of  snowy 
whiteness,  which  contracted  greatly  in  drying,  and  lost  their  crystal- 
line aspect ;  but  the  dry  mass  was  dazzling  white,  and  had  a  silky 
lustre. 

Properties.  1699.  Indigotic  acid  decomposes  carbonates,  but  is  a  feeble  acid, 
and  reddens  litmus  faintly.  It  requires  1000  times  its  weight  of  cold 
water  for  solution,  but  is  soluble  to  any  extent  in  hot  water  and  alco- 
hol. Heated  in  a  tube  it  fuses,  and  sublimes  without  decomposition; 
and  the  fused  mass,  in  cooling,  crystallizes  in  six-sided  plates. 
When  heated  in  open  vessels,  it  is  inflamed,  and  burns  with  much 
srnoke.* 

Carbazotic     1700.  Carbazotic  Acid.  CisNsOh,  eq.  252.   This  name  has  been 
"cid.        applied  by  Liebig  to  n  peculiar  acid  formed  by  the  action  of  nitric 
acid  on  indigo. 

It  is  made  by  dissolving  small  fragments  of  the  best  indigo  in  8  or  10  times 
their  weight  of  moderately  strong  nitric  acid,  and  boiling  as  long  as  nitrous  acid 
fumes  are  evolved.  During  the  uction,  carbonic,  hydrocyanic,  and  nitrous  acid* 
are  evolved  :  and  in  the  liquid,  besides  carbazotic  acid,  is  found  a  resinous  matter, 
artificial  tannin,  and  indigotic  acid.  On  cooling,  carbazotic  acid  is  freely  depo- 
sited in  transparent  yellow  crystals  ;  and  on  evaporating  the  residual  liquid,  and 
adding  cold  water,  an  additional  quantity  of  the  acid  is  procured.  To  render  it 
quite  pure,  it  should  be  dissolved  in  hot  water,  and  neutralized  by  carbonate  of 
potassa.  As  the  liquid  cools,  carbazotate  of  potassa  crystallizes,  and  may  be  puri- 
fied by  repeated  crystallization.  The  acid  may  be  precipitated  from  this  salt  by 
sulphuric  acid. 

Properties,  1701.  Carbazotic  acid  is  sparingly  soluble  in  cold  water  ;  but  it  is 
dissolved  much  more  freely  by  the  aid  of  heat,  and  on  cooling  yields 
brilliant  crystalline  plates  of  a  yellow  colour.  Ether  and  alcohol 
dissolve  it  readily.  It  is  fused  and  volntilized  by  heat  without  de- 
composition ;  but  when  suddenly  exposed  to  a  strong  heat,  it  inflames 
without  explosion,  and  burns  with  a  yellow  flame,  with  a  residue  of 
charcoal.  Its  solution  has  a  bright  yellow  colour,  reddens  litmus 
paper,  is  extremely  bitter,  and  acts  like  a  strong  acid  on  metallic  ox- 
ides.   It  is  said  to  be  poisonous. t 

Salts  of.        1702.  The  salts  of  carbazotic  acid  are  for  the  most  part  crystal- 


*  From  the  analysis  by  Dumas,  Thomson  considers  it  as  merely  indigo,  cootaiaiag 
five  times  as  much  oxygen  as  that  pigment  doet.   T.  142. 

t  Jour.  qfSci.  ii.  210. 
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Hzable,  of  a  yellow  colour,  and  brilliant  lustre.    They  have  the  pro-    Sact.  H. 
perty,  when  rapidly  healed,  either  of  detonating  like  fulminating 
silver,  or  of  burning  rapidly  with  scintillations.    The  sparing  solu- 
bility of  carbazotate  of  potassa  is  the  cause  of  carbazotic  acid  being 
used  as  a  test  of  that  alkali. 

1703.  Carbazotic  acid  is  generated  by  the  action  of  nitric  acid  on 
many  substances,  both  animal  and  vegetable,  especially  on  those 
which  contain  nitrogen.  The  bitter  principle,  formed  with  nitric 
acid  and  silk  by  Welter,  is  carbazotic  acid. 

Acids  Imperfectly  Examined. 

1704.  Pectic  AM  CuH7O10,  =  153  eq.  Braconnot  has  given  this  Pectic  acid, 
name*  to  a  principle  found  in  several  plants  which  has  the  property 

of  being  coagulated  by  alcohol,  metallic  solutions,  the  acids,  &c.  It 
appears  to  be  the  same  substance  previously  discovered  by  Torrey  in 
the  Tuckahoe,  Sclerotium  giganteumj  a  fungus  common  in  the 
sandy  barrens  of  the  southern  states,  and  to  which  he  gave  the  name 
Sclerotin.  It  is  readily  soluble  in  a  solution  of  caustic  potassa,  and 
this  solution  is  gelatinized  by  almost  every  known  body. 

1705.  Braconnot's  process  for  obtaining  this  substance  is  as  fol-  J^Iwd*" 
Iowa,: 

If  roots  containing  starch  be  operated  upon,  such  as  those  of  celery  and  carrot, 
they  are  to  be  reduced  to  pulp  by  rasping,  the  juice  expressed,  the  residue  boiled 
in  water,  slightly  acidified  with  hydrochloric  acid,  then  washed,  and  afterwards 
heated  with  a  very  dilute  solution  of  potassa  or  soda.  A  thick  mucilaginous 
liquid  results,  slightly  alkaline,  from  which  hydrochloric  acid  separates  the  acid  in 
the  form  of  an  abundant  jolly,  which  should  then  be  well  washed. 

1706.  It  forms  a  very  soluble  salt  with  potassa,  which  may  be  ob-  Union  with 
lained  in  the  state  of  a  transparent  jelly,  by  adding  weak  alcohol,  P°Ussa" 
which  removes  the  excess  of  alkali  and  colouring  matter,  if  there  be 

any  present.  This  jelly  washed  on  a  cloth  with  alcoholized  water, 
pressed  and  dried,  swells  and  dissolves  in  water,  and  leaves  upon 
evaporation  a  transparent  mass,  resembling  gum  arabic.  Its  taste  is 
insipid. 

1707.  In  consequence  of  the  property  which  this  acid  has  of  gela-  Use. 

tinizing  large  quantities  of  water,  it  has  been  proposed  as  a  means  of 

preparing  jellies. 

Boil  a  little  pectic  acid  in  the  quantity  of  water  which  is  to  be  converted  into 
jelly  ;  dissolve  in  the  water  a  sufficient  quantity  of  sugar  previously  seasoned  by 
being  rubbed  over  the  skin  of  an  orange,  or  by  any  other  wished  for  seasoning, 
or  add  to  the  water  a  little  alcohol  previously  seasoned.  In  either  case  the  whole 
assumes  the  form  of  a  jelly,  the  flavour  of  which  will  of  course  depend  upon  the 
nature  of  the  seasoning  employed. 

1708.  There  is  a  substance  in  many  acid  fruits,  as  currants  and  Pectin, 
gooseberries,  which  gelatinizes.    It  has  very  intimate  connexion 
with  pectic  acid,  being  instantly  converted  into  that  acid  by  the 
smallest  quantity  of  a  fixed  alkali.    This  substance  has  been  distin- 
guished by  Braconnot,  by  the  name  of  pectin. 

1709.  It  may  be  obtained  from  all  fruits  by  means  of  alcohol.  Process. 
Mix  together  the  clear  expressed  juice  of  currants,  with  the  equally  clear  juice 

*  From  'Tcxjig  coagulvm.    Ann.  de  Chim.  xxviii.  173,  and  Boat.  Jour.  iii.  133. 

t  Torrey's  analysis  of  the  Tuckahoe  was  published  in  the  N.  Y.  Med.  Hep.  1820. 
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Chap.  VI.  of  sour  cherrieg.    Pectin  fells  down.    Decant  off  the  liquid,  and  wash  the  pecus 
with  water,  as  long  as  the  liquid  abstracts  any  colour* 

The  analysis  of  pectic  acid  by  Regnault  gave,  carbon  42.71,  hy- 
drogen 4.73,  oxygen  52.56 A 
Cienic  1710.  Crenic  Acid,  108.$  (t.)i  was  discovered  by  Berzeliui  in 
1832,  in  the  water  of  Porla  well,  in  Sweden,  to  which  it  imparted  a 
yellow  colour  and  disagreeable  taste.  On  exposure  to  the  air,  an 
ochrey  sediment  was  deposited  which  consisted  chiefly  of  crenated 
peroxide  of  iron.y 

1711.  Crenic  acid  is  yellow  and  transparent.  It  has  no  odour, 
but  a  sharp  followed  by  an  astringent  taste.  When  in  solution  the 
latter  only  can  be  perceived.  When  the  solution  is  exposed  to  the 
air,  it  becomes  brown,  and  apocrenic  acid  is  formed. 

1712.  It  is  very  soluble  in  water  and  alcohol.  Its  salts  resemble 
extracts,  and  are  insoluble  in  absolute  alcohol,  but  become  more  and 
more  soluble  as  water  is  added.  They  become  rapidly  brown  in  the 
air,  and  apocrenates  are  formed. 

1713.  Crenic  acid  dissolves  in  nitric  acid  without  change.  Its 
salts  are  termed  eremites.  They  resemble  extracts  in  appearance, 
and  are  incapable  of  crystallizing. 

acuT^1110  1714.  Apocrenic  Acid'  132.  (T  ).  This  acid  was  obtained  by  di- 
gesting the  ochre  from  Porla  well  with  potassa,  to  extract  the  crenic 
acid,  and  then  precipitating  the  acid  by  means  of  acetate  of  copper. 
The  apocrenate  of  copper  falls,  from  which  the  acid  is  separated  by 
the  action  of  hydrosulphuric  ncid  gas,  absolute  alcohol  and  potassa. 

1715.  Apocrenic  acid  is  brown,  and  resembles  a  vegetable  ex- 
tract. It  is  but  slightly  soluble  in  water,  from  which  it  is  precipi- 
tated by  sal  ammoniac. 

1716.  These  acids  are  supposed  by  Berzelius  to  occur  frequently 
jn  water,  and  he  is  of  opinion  that  the  substances  so  often  described 
as  existing  in  mineral  waters,  and  which  have  been  distinguished  by 
the  name  of  extractive,  in  reality  consist  of  these  acids.  He  think- 
too  that  they  exist  abundantly  in  bog  iron-ore. 

Compound  Acids. 

1 117.  The  compound  acids  cousist  of  a  vegetable  principle,  united 
acids",       to  a  strong  mineral  or  vegetable  acid.    They  have  been  divided  by 
Two  sets.  Thomson  into  two  sets.    The  first  set  consists  of  two  atoms  of  an 
acid,  combined  with  one  atom  of  a  base,  which  may  be  driven  offby 
a  stronger  base.    They  are,  strictly  speaking,  not  acids,  but  acidu- 
lous or  super-salts.    The  second  set  contains  hyposulphuric  acid, 
combined  with  an  organic  substance,  not  acting  the  part  of  a  base, 
and  not  capable  of  being  expelled  by  a  stronger  base. 
Althionic       1718.  Althionic  Acid.\\  2(SOa)+C4H60+HO,  126  eq.  This  name 
is  given  by  Magnus  to  what  was  formerly  called  sulphovink  acid. 
It  is  formed  by  the  action  of  strong  sulphuric  acid  and  alcohol,  and 

*  Jour,  de  Phar.  xx.  467.  For  other  acids  of  this  group  see  Thomson,  Chem.  horg. 
Bodies,  xx.  and  Org.  Bodies,  146. 

t  Jour,  de  Phar.  xxxv.  201.  t  From  tor}*]  a  fountain. 

i  For  details  of  the  analysis  see  T.  148.       II  From  0««or,  sulphur  end  alcohol. 
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plays  an  important  part  in  the  formation  of  ether.    When  the  ingre-  Becuii. 
dieots  for  forming  ether  are  mixed,  and  before  heat  is  applied,  much 
of  the  acid  exists  in  the  state  of  this  acid,  and  may  be  separated  by 
neutralizing  the  mixture  with  carbonate  of  baryta,  when  an  althio- 
nate  of  baryta  is  formed  which  may  be  obtained  in  crystals. 

1719.  From  the  experiments  of  Magnus  it  seems  that  when  equal  R*P«ri- 
weights  of  concentrated  sulphuric  acid  and  absolute  alcohol  are  mixed,  Magnat. 
one  half  of  the  acid  deprives  the  other  half  of  all  its  water,  while 

every  two  atoms  of  the  anhydrous  acid  thus  formed  unites  with  C4 
HjO-f-HO  (or  alcohol).  It  is  considered  by  Thomson  as  a  bisalt,  or 
a  bisulphate  of  ether.*    It  forms  with  bases,  althionates.t 

1720.  Ethionic  Acid.  S205+C<H40+HO.t  This  is  one  of  the  Ethionic 
compound  acids,  containing  an  acid  combined  with  an  organic  sub- 
stance, not  acting  the  part  of  a  base  and  not  capable  of  being  expelled 

by  a  stronger  base.    It  was  obtained  by  Sertuerner  by  the  action  of 
sulphuric  acid  and  alcohol. $  Soloho 

1721.  Sulpho-naphthalic  Acid  S205-fC*H:,  =  199.024  eq.  Dis-  naphthoic 

covered  by  Faraday  in  1826.  »«d. 

It  is  made  by  melting  naphthaline  with  half  its  weight  of  strong  sulphuric  acid, 
when  a  red-coloured  liquid  is  formed,  which  becomes  a  crystalline  solid  in  cool- 
ing. The  mass  is  soluble  in  water,  and  the  solution  contains  a  mixture  of  sul- 
phuric and  sulphonaphthalic  acids.  On  neutralizing  with  carbonate  of  baryta,  the 
insoluble  sulphate  subsides,  while  the  soluble  sulphonaphthalale  remains  in  solu- 
tion -.  and  on  decomposing  this  salt  by  a  quantity  of  sulphuric  acid  precisely  suf- 
ficient for  precipitating  the  baryta,  pure  sulphonaphthalic  acid  is  obtained. 

1722.  The  aqueous  solution  of  the  acid,  as  thus  formed,  reddens 
litmus  paper  powerfully,  and  has  a  bitter  acid  taste.  On  concentrat- 
ing by  heat,  the  liquid  at  last  acquires  a  brown  tint,  and  if  then  taken 
from  the  fire  becomes  solid  as  it  cools.  If  the  concentration  is  effected 
by  means  of  sulphuric  acid  in  an  exhausted  receiver,  the  acid  becomes 
a  soft  white  solid,  apparently  dry,  and  at  length  hard  and  brittle. 

Sulphonapthalic  acid  is  readily  soluble  in  water  and  alcohol,  and 
i»  also  dissolved  by  oil  of  turpentine  and  olive  oil,  in  proportions  de-  *ats' 
pendent  on  the  quantity  of  water  which  it  contains.  By  the  aid  of 
beat  it  unites  with  naphthaline.  It  combines  with  alkaline  bases,  and 
forms  neutral  salts,  which  are  called  sulphonaphthalates.  All  these 
salts  are  soluble  in  water,  and  most  of  them  in  alcohol,  and  when 
exposed  to  heat  in  the  open  air,  take  tire.  || 

1723.  Sulpho-indigotic  and  Hypo-sulpho-indigotic  Acids  are  ob-  Other  acids 
tained  from  indigo  dissolved  in  sulphuric  acid.  ^m  !" 

Sulpho-indigotate  of  Potassa  has  received  various  names,  ns/>re- 
dpitattd  indigo,  soluble  indigo,  and  carmine  of  indigo.  Crum  showed 
that  it  was  a  compound  of  indigo  and  sulphate  of  potassa.  He  gave 
me  name  of  cerulin,  from  its  blue  colour,  to  the  soluble  indigo  Cerulin. 
contained  in  it,  and  that  of  ceruleo-sulphates  to  the  salts  consisting  of 
this  substance  united  with  sulphates. 

1724.  Formo-benzoilic  acid  may  be  obtained  by  mixing  the  water  EjJJSfa 
distilled  off  bitter  almonds  with  hydrochloric  acid,  and  evaporating.  acid. 

• Organic  Bodies,  169. 

f  Phosphovinic  Acid  is  obtained  by  distilling  a  mixture  of  phosphoric  acid  and 
"Kobcl         X  Liebig.  S  Ann.  de  Chim.  et  Phys.  xiii.  62. 

II  The  sulphonaphthalale  of  baryta  has  been  found  by  Berzelius  to  be  a  mixture  of 
'•p  nits  difficult  to  separate ;  one  containing  sulpho-naphthalic  and  the  other  hypo- 
•ulpbo-n-pbthalic  ,cid  t(SO»)+CnH«. 
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Chap-VL  It  remains  in  crystalline  masses  mixed  with  sal  ammoniac,  from 
which  it  is  freed  by  ether,  which  dissolves  the  new  acid.  It  is  while, 
very  soluble  in  water,  has  a  strong  acid  taste,  neutralizes  bases  and 
forms  salts  with  oxides  of  silver  and  copper.  It  is  decomposed  by 
heat,  leaving  charcoal,  and  giving  out  the  odour  of  peach  blossoms. 
Comnosi-       Thomson  considers  it  a  compound  of 

K     P°*"  i  alom  formic  acid      -         -         -      Ca  H  03 

1    "    bydretofbenzoil        -         -     ;C|«H6  Oj 

The  hydrocyanic  acid  and  water  of  the  bitter  almonds  is  decomposed  into  fw- 
mic  acid  and  ammonia,  for 

1  atom  of  hydrocyanic  acid     -         -      C«H  N 
3    »       water  -         -         -  H3  Os 


tk>n. 


C9H4  NCfe 

1    »       formic  acid  -         -  Ca  H  O3 

1    "       ammonia     -         -         -  H3  N 


CiHiNOa 

This  constitutes  an  acid  formed  by  the  combination  of  two  organic  bodies  pot- 
sessing  the  characters  of  acids,  and  capable  of  being  formed  at  pleasure." 

Section  III.    Cyanogen  and  its  Compounds. 

Cyanogen,      1725.  Cyanogen  is  considered  by  Liebig  as  a  compound  radical, 
* °uad  rad- an(^  ns  sucn  un»tm&  with  oxygen,  hydrogen,  and  most  other  non- 
Jcal.         metallic  elements,  and  also  with  the  metals ;  many  of  the  latter  being 
similar  to  haloid  salts,  while  others  possess  a  very  different  character. 

In  describing  the  compounds  of  cyanogen,t  it  will  be  necessary  to 
employ  new  terms,  and  refer  to  several  substances  which  have  not 
been  described  in  the  foregoing  pages,  a  brief  account  of  them  is 
therefore  introduced  in  this  place. 

1726.  Mellon,  C8N4,  eq.  ==93.32,t  is  a  yellow  powder,  insoluble  in 
water,  alcohol,  and  dilute  hydrochloric  and  sulphuric  acids,  but  solu- 
ble with  decomposition  in  nitric  acid  and  the  caustic  fixed  alkalies, 
decomposable  by  a  strong  heat,  into  three  vols,  cyanogen,  and  one 
vol.  nitrogen  gas.  It  unites  with  potassium  forming  mellonuret  of 
potassium,  with  hydrogen  forming  hydromellonic  acid.y  Discovered 
by  Liebig,  and  considered  by  him  a  compound  radical. 

It  is  obtained  when  dry  sulpho-cyanogen  is  heated  in  a  retort  to 
redness,  the  products  of  the  decomposition  being  sulphuret  of  carbon, 
sulphur  and  mellou. 

1727.  Mtlamin,  CSN»H„  eq.  =121.62,  is  a  saline  base  discovered 
by  Liebig,  being  a  product  of  the  decomposition  of  melam  (1729)  by 
alkalies  and  dilute  acids.  It  crystallizes  in  colourless  or  slightly  yellow 
rhombic  octohedrons,  transparent,  anhydrous,  sparingly  soluble  in 

*  T.  Organic  Bodies,  206. 

t  These  compounds  constitute  the  Second  Series  of  Liebig.  For  details,  see  Thom- 
son, Org.  Bodies,  768,  and  Liebig,  Org.  Chem.  756. 

t  The  formulas  are  those  of  Liebig. 

5  By  dissolving  mellonuret  of  potassium  in  boiling  water  and  adding  hydrochloric, 
sulphuric,  or  nitric  acid,  hydromellonic  acid  is  obtained.   It  is  J 
lie  oxides.   See  L.  796. 
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cold  but  pretty  freely  in  boiling  water,  insoluble  in  alcohol  and  ether.  &>cl  m- 
It  fuses  when  heated,  and  sublimes,  partially  decomposed  into  mellon 
and  ammonia.  Decomposed  by  concentrated  nitric  acid  and  sulphu- 
ric acid  with  the  aid  of  heat  into  ammonia  and  ammehd  or  ammelin  ; 
fused  with  hydrate  of  potassa,  the  elements  of  3  eq.  of  water  add 
themselves  to  its  constituents  and  form  6  eq.  of  ammonia,  which  are 
evolved,  and  3  eq.  cyanate  of  polassa  are  left. 

1728.  Melamin  combines  with  dilute  acids  to  crystallizable  salts,  Combina- 
all  of  which  have  an  acid  reaction,  excepting  the  double  salts.    The  llono*- 
acetate  and  formate  of  melamin  are  very  soluble  ;  it  precipitates 
magnesia  from  hot  solutions  of  its  salts,  owing  to  the  formation  of  a 
double  salt.    Melamin  cqmbines  directly  with  the  anhydrous  hydra- 

cids,  all  its  salts  with  the  oxacids  correspond  to  the  amraoniecal  salt 
in  containing  an  equiv.  of  water,  without  which  they  cannot  exist ; 
it  forms  double  basic  salts  in  which  this  equiv.  of  water  is  replaced 
by  a  metallic  oxide. 

1729.  Mclam.  C,aN„H„  eq.  =  238.09.  This  product  of  the  de-  Mclam. 
composition  of  sulphocyanuret  of  ammonium,  was  also  discovered  by 
Liebig.    When  the  sulphocyanuret  of  ammonium,  or  a  mixture  of 

two  parts  of  sal  ammoniac  and  one  of  sulphocyanuret  of  potassium 
are  heated  to  the  point  of  fusion  of  the  latter,  the  sulphocyanuret  of 
ammonium  is  decomposed  into  three  gaseous  and  one  solid  product. 
The  former  are  ammonia,  hydrosulphuric  acid,  and  the  sulphuret  of 
carbon;  the  latter  is  tnelam,  which  is  left  in  the  retort  mixed  with 
chloride  of  potassium,  and  is  separated  by  washing  with  water. 

1730.  It  is  a  white  powder,  insoluble  in  water,  alcohol  and  ether ;  Properties, 
but  dissolved  by  hot  potassa,  a  part  being  decomposed,  but  another 
portion  is  deposited  again  unchanged  as  the  solution  cools.    It  is  also 
soluble  in  hot  concentrated  sulphuric  and  nitric  acids,  from  which  alco- 
hol and  water  throw  down  ammelid.    If  the  solution  in  these  acids  Solutions 
be  boiled,  it  is  completely  converted  into  cyanuricacid  and  ammonia  ;  jJJJ^JjJa. 
1  eq.  mclam  and  12  eq.  water,  contain  the  elements  of  2  eq.  of  cya- ric  acid, 
nuric  acid  and  5  eq.  ammonia.    It  is  dissolved  in  hydrochloric  and 

dilute  nitric  acids  and  potassa  with  the  formation  of  ammelin  and 
melamin  ;  fused  with  hydrate  of  potassa,  ammonia  is  evolved,  and 
cyanate  of  potassa  produced  ;  and  with  potassium  the  mellonuret  of 
potassium  is  formed.  When  heated,  it  decomposes  into  mellon  and 
ammonia. 

1731.  On  heating  8  eq.  sulphocyanuret  of  ammonium,  they  are 
decomposed  into  1  eq.  melam,  10  eq.  ammonia,  4  eq.  sulphuret  of1 
carbon,  and  8  eq.  of  hydrosulphuric  acid  ;  1  eq.  of  melam,  on  being 
fused  with  6  eq.  of  hydrate  of  potassa,  give  rise,  by  the  addition  of 
the  elements  of  6  eq.  water,  to  6  eq.  cyanate  potassa  and  5  eq.  am- 
monia. By  long  application  of  heat  to  melam  in  caustic  potassa,  it  is 
decomposed,  together  with  2  eq.  of  water,  into  1  eq.  melamin  and  1 
eq.  ammelin.  Melam  is  converted  into  ammelid  by  the  addition  of 
the  elements  of  6  eq.  water,  which  form  1  eq.  ammelid  and  2  eq. 
ammonia. 

1732.  Ammelin.  CeN5H50„  eq.  =128.47.  A  saline  base,  disco- 
vered by  Liebig.  A  product  of  the  decomposition  of  melam  and  mela- 
min by  acids  and  alkalies.  It  is  precipitated  from  the  alkaline  solution 
from  which  melamin  is  deposited,  by  neutralization  with  acetic  acid. 
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Forms 


ch«p.  vf.  It  is  white,  insoluble  in  alcohol  and  ether,  soluble  in  caustic  alkalies, 
yields  by  distillation  a  crystalline  sublimate  and  ammonia,  with  a  resi- 
due of  pure  mellon.  By  long  boiling  in  dilute  acids,  or  on  being 
dissolved  in  concentrated  sulphuric  acid,  it  is  decomposed  by  the  ad- 
dition  of  1  eq.  of  water,  into  ammonia  and  ammelid.  By  fusion 
with  caustic  potassa  1  eq.  of  water  is  decomposed,  and  it  is  converted 
into  ammonia  and  cyanate  of  potassa. 

1733.  Ammelin  is  a  weak  salifiable  base,  and  forms  only  with  the 
strong,  and  not  with  the  organic  acids,  crystallizable  salts,  which 
have  an  acid  reaction,  and  are  partially  decomposed  by  water  with 
the  deposition  of  ammelin.  The  salts  of  ammelin  with  the  oxacids 
contain,  like  the  ammonia  salts,  1  eq  of  water,  without  which  they 
cannot  exist;  the  double  salts  are  anhydrous. 

1734.  Nitrate  of  ammelin  crystallizes  in  large  broad  plates,  or  in 
long  quadrangular  prisms.  When  heated  it  fuses  and  ammelid  is 
left,  nitric  acid  and  the  products  of  the  decomposition  of  nitrate  of 
ammonia  are  evolved. 

1735.  Ammelid  C,aN9H906,  eq.  =257.79.  A  product  of  the  de- 
composition of  melam,  melamin,  and  ammelin  by  concentrated  acids. 
It  is'a  white  powder,  insoluble  in  water,  alcohol,  and  ether,  but  soluble 
in  alkalies  and  strong  acids  ;  by  continued  boiling  in  dilute  nitric  or 
sulphuric  acid  it  is  decomposed  into  cyanuric  acid  and  ammonia,  l 

1736.  Liebig  has  given  the  following  explanation  of  the  basic 
qualities  of  melamin,  ammelin,  and  ammelid,  and  of  their  connexion 
with  ammelid  and  cyanuric  acid.  It  is  assumed  that  these  substances 
contain  the  same  radical  as  cyanuric  acid,  together  with  a  com- 
pound of  nitrogen  and  hydrogen,  which  is  composed  of  equal 
vols,  of  these  elements,  and  which  are  supposed  to  be  denoted  by  the 
symbol  2M=HN;  the  compounds  may  then  be  represented  in  the 
following  form : 

Cyanaric  acid  •      Cy3  Os  +  H3 

Cy3  Me  +  H3 

Cy,  M4  02  +  H3 

Cy3  M3  03  +  H3 

CysOjOs  +  H3 


Nitrate. 


Ammelid. 


Theory  of 
the  compo 
■itioti  of 
melamin, 

&LC. 


Explana- 


Cyanuric 
acid,  4tc. 
compared. 


Cyanic 


Melamin 
Ammelin  • 
Ammelid  - 
Cyanuric  acid 

1737.  The  cyanuric  acid  is,  as  may  be  seen,  both  the  commence- 
ment and  termination  of  the  series  ;  in  melamin,  the  6  eq.  of  oxygen 
are  replaced  by  6M(N3H3),  and  in  ammelin  4  eq.  by  4M ;  both  of 
them  are  saline  bases.  The  ammelid  has  no  basic  properties,  and  in 
it  one  half  of  the  oxygen  of  the  cyanuric  acid  is  replaced  by  3M,and 
by  the  further  removal  of  all  M  cyanuric  acid  is  again  produced. 
The  basic  properties  of  these  bodies  decrease  as  the  quantity  of  oxy- 
gen which  combines  with  the  radical  is  increased. 

173S.  The  cyanuric  acid  may  be  compared  with  the  phosphoric 
acid,  and  melamin  with  phosphuretted  hydrogen  or  ammonia;  am- 
melin and  melamin  enter  into  direct  combination  with  the  hydracids 
and  without  the  intervention  of  water,  but  with  the  oxacids  only  by 
the  intervention  of  1  eq.  of  water,  which  must  be  in  the  same  state 
of  combination  as  in  the  ammoniacal  salts,    l.  803. 

Cyanogen  and  Oxygen. 

1739.  Cyanic  Acid.  CyO,  26.39  1  eq.  cy.  +  8  1  eq.  oxy.  =  3439 
equiv.    This  acid  was  discovered  by  Wohler,  and  is  formed  when 
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cyanogen  is  transmitted  over  carbonate  of  potassa  at  a  red  heat,  or  sect,  m. 
into  an  alkaline  solution ;  by  exposing  compounds  of  cyanogen  at  a 
red  heat  to  the  action  of  the  air.  of  nitre,  or  of  peroxide  of  manga- 
nese ;  by  fusing  ammelin,  melamin,  or  ammelid  with  hydrate  of 
potassa ;  it  is  a  frequent  product  of  the  decomposition  of  compounds 
of  nitrogen.    It  is  not  known  in  the  anhydrous  state. 

Obtained  as  hydrate,  by  distilling  dry  cyanuric  acid  or  cyamelide*  Obtained, 
in  a  retort,  when  the  latter  is  converted  into  hydrate  of  cyanic  acid, 
which  must  be  collected  in  a  receiver  well  cooled  by  ice. 

1740.  A  clear  transparent  fluid  of  a  strong  penetrating  odour,  Properties, 
similar  to  that  of  acetic  or  formic  acid,  exceedingly  volatile,  and 
causes  blisters  on  the  skin,  which  are  accompanied  by  great  pain. 
Mixes  readily  with  water.  Decomposes  with  the  production  of  great 
heat  shortly  after  its  formation  into  a  while  solid  of  the  same  com- 
position per  cent,  (cyamelide)  ;t  its  aqueous  solution  reddens  vege- 
table colours  strongly  ;  it  decomposes  in  the  course  of  a  few  minutes, 
together  with  2  eq.  of  water,  into  bicarbonate  of  ammonia ; 

Hydrated  cyanic  acid  =  C*NCH-HO  )     C  2  eq.  carb.  acid  =  2COa 

Two  eq.  water     .     =  2HO )     (  1  eq.  ammonia  =  NH3 


CaN    H3O4  CeNHaO* 

1741.  This  acid  forms  only  one  series  of  salts  with  the  bases ;  Forms 
they  are  readily  recognised  by  the  peculiar  decomposition  produced  *a  l9, 
by  dilute  mineral  acids.    A  few  moments  after  mixing  the  salt  with 

the  acid,  a  rapid  effervescence,  accompanied  by  the  strong  penetrat- 
ing odour  of  cyanic  acid,  is  observed,  and  the  solution  by  being  mixed 
with  hydrate  of  lime  evolves  ammonia  abundantly,  which  previous 
to  the  decomposition  cannot  be  detected.  Its  salts  with  the  alkaline 
bases  and  with  ammonia  are  soluble,  the  others  are  insoluble  ;  the 
former,  with  the  exception  of  the  ammoniacal  salt,  are  decomposed, 
when  their  solutions  are  boiled,  into  ammonia  and  carbonates. 

1742.  Cyanates  of  Ammonia.    Cyanic  acid  forms  with  ammonia  Cyanatesof 
two  compounds,  one  of  which  is  particularly  remarkable  from  its  ammonia, 
identity  with  urea. 

1.  Basic  Cyanate  of  Ammonia.  When  dry  ammoniacal  gas  and  the  m 
vapour  of  hydrated  cyanic  acid  are  simultaneously  conducted  into  anateofi 
dry  vessel,  they  unite,  forming  a  white  woolly  crystalline  compound,  monia, 
which  contains  more  ammonia  than  corresponds  to  the  constitution 
of  a  neutral  cyanate.    It  is  similar  in  all  its  properties  to  any  other 
salt  of  cyanic  acid  ;  treated  with  an  acid  it  is  decomposed  with  effer- 
vescence, and  alkalies  effect  the  evolution  of  ammonia  ;  but  if  on  the 
contrary  it  be  gently  warmed,  whether  dry  or  in  solution,  or  if  it  be 
left  for  some  time  exposed  to  the  air,  ammonia  is  given  off,  it  loses 
all  the  above-mentioned  properties,  and  is  converted  into  urea. 

2.  Anomalous  Cyanate  of  Ammonia  ;  Urea.    Discovered  by  Four-  Urea, 
croy  and  Vauquelin  in  urine,  by  Wohler  as  the  first  organic  compound 

•  Insoluble  Cyanuric  Acid  (1767). 

t  Tbis  decomposition  with  water  is  the  cause  of  the  impossibility  of  obtaining  the  free 
acid  from  the  aqueous  solutions  of  its  salts  by  the  action  of  a  stronger  acid,  although 
a  small  quantity,  as  may  readily  be  recognised  by  the  peculiar  odour  which  accompa- 
nies the  carbonic  acid  evolved,  does  escape. 
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Ch»p.  vi.  artificially  produced.    It  is  a  constituent  of  uric  acid,  and  is 

tained  in  the  urine  in  combination  with  lactic  acid.*  It  is  obtained, 

1743.  By  mixing  fresh  urine  evaporated  to  tbe  consistence  of  a  syrup  &t « 
gentle  heat,  which  should  never  reach  that  of  ebullition,  when  quite  cold,  wits 
its  own  volume  of  colourless  nitric  acid  of  ap.  gr.  ss  1.42.  if  the  evaporation  bat 
been  carried  sufficiently  far,  the  whole  will  form  a  thick  crystalline  mans ,  to  eft- 
sure  this,  a  -mall  portion  of  the  urine  should  be  tried  from  time  to  time.  Tat 
crystalline  mass  consists  of  a  compound  of  nitric  acid  and  urea,  which  is  spanafh 
soluble  in  nitric  acid.t 


The  impure  crystals  of  nitrate  of  urea  are  to  be  carefully 
with  dilute  nitric  acid,  strongly  pressed  between  folds  of  bibulous 
paper,  dried  upon  a  porous  tile,  and  redissolved  in  warm  water;  tbe 
solution,  after  being  freed  of  its  colour  by  recently  prepared  charcoal, 
is  evaporated  to  crystallize. 

A  solution  of  the  colourless  crystals  of  the  nitrate  of  urea  is  treated  with  car- 
bonate of  baryta  until  it  is  rendered  perfectly  neutral ;  on  eraporating,  eryrtalto* 
nitrate  of  baryta,  and  then  of  urea,  will  be  obtained.  The  crystals  of  the  l*iur, 
bv  being  redissolved  in  a  little  cold  water,  are  freed  from  the  last  portions  of  is* 
nitrate  of  baryta  ;  the  solution  in  alcohol  gives  crystals  of  pure  urea? 

1744.  Instead  of  using  nitric  ncid,  the  concentrated  urine  may  be 
added  to  a  boiling  saturated  solution  of  oxalic  acid,  when  the  spar- 
ingly soluble  oxalate  of  urea  falls,  which,  after  being  deprived  ofit> 
colour  by  charcoal,  may  be  decomposed  into  the  insoluble  oxalate  of 
lime  and  pure  urea,  by  being  digested  with  pounded  chalk.^  It  can 
also  be  prepared  by  the  decomposition  of  the  cyanate  of  oxide  of  sil- 
ver by  sal-ammoniac,  or  of  the  cyanate  of  oxide  of  lead  by  pure  or 
carbonate  of  ammonia. 
Properties.  1745.  Crystallizes  in  colourless,  transparent,  four-sided,  somewhat 
flattened  prisms  of  the  sp.  gr.  1  35,  is  soluble  in  its  own  weight 
of  cold,  and  in  every  proportion  in  hot  water,  in  4.5  parts  of  coW. 
and  in  2  parts  of  boiling  alcohol :  the  aqueous  solution  has  a  cooling 
bitter  taste  like  nitre  ;  when  pure  it  is  perfectly  permanent  in  tbe  air, 
is  not  deliquescent,  fuses  at  250°  into  a  colourless  liquid,  is  decom- 
posed by  a  higher  temperature  into  ammonia,  cyanate  of  ammonia, 
and  dry  solid  cyanuric  acid.  Alkalies  do  not  cause  the  separation  of 
ammonia  in  the  cold. 
Con>  1746.  Unites  with  several  acids  without  decomposition  lo  crystal- 

pounds,  lizable  saline  compounds  :  by  evaporating  its  solution  with  nitrate  of 
silver  or  acetate  of  lead  it  is  decomposed  ;  the  products  being,  with 
Decora-  tbe  first,  nitrate  of  ammonia  and  crystalline  cyanate  of  silver;  with 
P°  •  the  second,  acetate  of  ammonia  and  carbonate  of  lead.  With  hypo- 
nitrous  acid  it  is  instantly  decomposed  into  nitrogen  and  carbonic 
acid  gases,  which  are  evolved  in  equal  volumes;  with  chlorine  it 
forms  hydrochloric  acid,  nitrogen  and  carbonic  acid.  When  fused 
with  the  hydrated  alkalies,  or  heated  in  concentrated  sulphuric  acid, 
it  is  decomposed  together  with  the  constituents  of  3  eq.  of  water  into 
carbonic  acid  and  ammonia.  Urea  contains  the  elements  of  cyanate 
ofamm  onia  (NH«0-|-C,NO) ;  it  may  also  be  considered,  according 


*  Henry. 

t  Since  the  urine  ceotaios  metallic  chlorides,  which  with  tbe  nitric  and  by  ta*  sat 
T  heat  are  decomposed,  and  give  rise  to  the  production  of  chlorine  and  artroos  sorf, 
both  of  which  act  powerfully  in  destroying  urea,  all  increase  of  temperature  aw  >* 
carefully  avoided.  I  Wohler.  §" 
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to  L)uma5,  as  a  second  compound  of  carbonic  oxide  and  amide,*  in  Sect,  m. 
which  the  quantity  of  the  latter  is  double  that  in  oxamide  C202-f- " 
2NH* 

1747.  Nitrate  of  Urea.  This  compound,  when  recently  precipi- Nitrate  of 
tated  from  urine,  appears  in  the  form  of  fine  crystalline  plates  of  a 
brown  colour  and  mother-of-pearl  lustre ;  the  purer  they  are,  the 
more  they  lose  this  appearance ;  a  solution  of  pure  urea  treated  with 
nitric  acid  gives  a  granular  white  crystalline  precipitate,  which  is 
soluble  in  8  parts  of  cold,  but  more  freely  in  hot  water,  from  which 
it  crystallizes  in  broad,  scarcely  translucent  plates  ;  is  sparingly  so- 
luble in  nitric  acid,  with  which  it  may  be  boiled  without  decomposi- 
tion.   Is  composed  of  1  eq.  of  nitric  acid,  1  of  urea,  and  1  of  water.t 

174a  Cyanate  of  Potassa.  KOCyO  ;  eq.  =  81.64.  By  roasting  Cj 
at  a  red  heat  dry  ferrocyanuret  of  potassium  in  fine  powder  upon  an  * 
iron  plate,  the  powder  being  constantly  stirred  ;  the  cyanuret  of  po- 
tassium contained  in  the  salt  is  thus  converted,  by  absorbing  the  ox- 
ygen of  the  air,  into  cyanate  of  potassa.  As  soon  as  it  is  baked 
into  one  mass,  owing  to  the  fusion  of  the  cyanate  of  potassa  forming, 
it  must  be  reduced  to  a  fine  powder  and  digested  in  boiling  alcohol, 
from  which,  as  the  solution  cools,  crystals  of  the  cyanate  are  depo- 
sited. 

A  mixture  of  two  parts  of  ferrocyanurct  of  potassium,  and  one  of  peroxide  of  Process, 
manual) esc,  may  be  treated  in  the  same  way.  This  mixture  may  be  kindled  by  a 
red-hot  body,  when  it  smoulders  away  into  a  brown  mass  which  contains  cya- 
aate  of  potassa,  carbonate  of  potassa,  and  sesquioxide  of  manganese.  This  salt  may 
also  be  procured  of  great  purity,  but  not  so  economically,  by  fusing  the  hydrate  of 
potass*  in  a  silver  vessel,  and  adding  melam,  ammelin,  or  ammend  in  successive 
portions  as  long  as  they  are  dissolved  ;  the  fused  transparent  mass  congeals,  on 
cooling,  to  a  pure  crystalline  cyanate  of  potassa. 

1749.  Crystallizes  from  the  alcoholic  solution  in  transparent  an-  Properties 
hydrous  plates,  which  closely  resemble  chlorate  of  potassa,  but  by 
exposure  to  a  moist  air  are  gradually  converted,  without  any  change 

of  form,  into  bicarbonate  of  potassa,  while  ammonia  is  evolved.  It 
is  dissolved  by  cold  water,  in  which  it  decomposes  into  bicarbonnte  of 
potassa  and  ammonia  ;  a  change  accelerated  by  heat.  Fuses  at  a  high 
temperature  without  loss  of  weight  to  a  clear  liquid,  which,  upon 
cooling,  forms  an  opaque  crystalline  mass.  If  a  concentrated  solu- 
tion be  partially  decomposed  by  acetic  acid,  or  a  dilute  mineral  acid, 
the  acid  cyanuret  of  potassa  is  precipitated. 

1750.  Cyanates  of  oxides  of  silver  and  lead,   AgOCyO,  and  SSSaf* 
PbOCyO,  are  white  anhydrous  salts,  which  are  insoluble  in  water,  silter  and 
and  are  obtained  by  precipitating  the  cyanate  of  potassa  by  a  neutral Iead* 

salt  of  lead  or  silver.    Both  consist  of  an  eq.  of  acid  and  one  of  me- 
tallic oxide  ;  the  silver  salt  is  soluble  in  ammonia,  with  which  it 
forms  a  white  crystalline  compound,  but  by  heat  the  ammonia  is  Products  of 
again  evolved,  and  the  pure  cyanate  of  silver  remains  ;  decomposed  JjJJJJ^ 
by  heat  when  dry,  with  a  slight  explosion,  into  cyanic  acid,  carbonic 
acid,  nitrogen  and  dicyanuret  of  silver. 

1751.  Fulminic  Acid,  CyA;  eq.  =  68.78,  the  constituent  of  the  J5J1minic 
fulminating  silver  and  mercury  discovered  by  Howard. 

*Ttria  term  has  been  already  explained  (1563).  "  It  signifies  sn  snhydrous  ammo- 
niscal  salt,  deprived  (if  an  expression  apparently  contradictory  may  be  allowed)  of  sn 
ttosn  of  water."   T.  590.  t  Rsgnault. 

61 
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ch»P.  vt.  This  acid  is  formed  when  nitrate  of  silver  or  protoxide  of  mercury, 
Prepare-  with  an  excess  of  nitric  acid,  is  boiled  in  alcohol ;  aldehyd*  with  ni- 
trie  ether  is  evolved,  and  a  white  crystalline  precipitate,  the  fulmi- 
nate of  silver  or  mercury,  is  deposited  from  the  hot  solution.  By 
the  action  of  the  nitric  acid  upon  the  alcohol,  hypo  nitrous  acid  on 
the  one  hand,  and  aldehyd  and  oxalic  acid  on  the  other,  are  pro- 
duced. The  presence  of  the  oxide  of  silver  or  mercury,  effects  a  re- 
action between  two  eq.  of  hyponitrous  acid  and  one  of  ether  in  the 
alcohol,  by  which  they  are  converted  into  water  and  fulminic  acid. 

2  eq.  hyponitrous  acid.         Ether.  Fulminic  acid.  Water. 

N2Oy        +        C4H50    =    N2C402      4-  2H0 

1752.  If  a  stream  of  hyponitrous  acid  vapour  be  conducted  into  a 
solution  of  nitrate  of  silver  in  alcohol,  a  copious  precipitate  of  fulmi- 
nate of  silver  is  instantly  formed. 
Properties.     This  is  a  bibasic  acid ;  it  cannot  be  obtained  in  a  free  state  from 
any  of  its  salts,  being  decomposed  at  the  moment  of  its  separation  by 
any  other  acid  into  hydrocyanic  acid  and  a  new  product. 
Fulmi-         1753.  Fulminates.    The  salts  of  fulminic  acid  contain  either 2 
nates.       atoms  of  a  fixed  base  (neutral  salts)  or  1  atom  of  a  fixed  base  and  1 
atom  of  water  (acid  salts). t    If,  as  Liebig  supposes,  the  salts  are 
considered  as  compounds  of  metals  with  certain  radicals,  which 
arise  from  the  union  of  the  oxygen  of  the  base  with  the  constituents 
of  the  anhydrous  acid  ;  when  it  so  happens  that  the  affinity  of  the 
metal  for  the  oxygen  with  which  it  is  united  predominates,  it  is  im- 
possible that  the  radical  should  be  formed,  or,  what  is  the  same  thiug, 
that  its  decomposition  must  follow  whenever  an  attempt  is  made  to 
separate  a  metallic  oxide,  which  is  easily  reduced,  by  one  holding  its 
oxygen  by  a  powerful  affinity. 
Fulminate      1754.  Fulminate  of  Protoxide  of  Mercury,  2HgO,Cy80| ;  eq.  = 
?dePoTmer-  ^88. 78,  discovered  by  Howard,  is  prepared  by  dissolving  1  part  of 
cury.        mercury  in  12  parts  of  nitric  acid  of  sp.  gr.  1.36,  and  adding  to  the 
solution  11  parts  of  alcohol  of  80 — 85  per  cent. ;  the  mixture  roust 
be  heated  in  a  water-bath.    The  fluid  soon  enters  into  powerful  che- 
mical action  ;  metallic  mercury  is  precipitated,  and  nitric  ether  va- 
pours evolved,  the  latter  carrying  off  along  with  them  a  considerable 
portion  of  the  former ;  after  a  short  time,  hard  opaque  crystals  of 
fulminate  of  mercury  are  deposited.    These  are  carefully  washed 
and  dried  at  common  temperatures  on  paper.    It  is  freed  from  the 
admixture  of  metallic  mercury  by  being  re-dissolved  in  boiling  water, 
from  which  it  is  deposited  in  white  fine  acicular  crystals  of  a  soft 
silky  appearance.    Explodes  with  great  violence  when  struck  or 

*  Aldehyd,  from  alcohol  dchydraius ;  a  remarkable  substance  obtained  from  alenbo!, 
it  is  a  colourless  liquid,  very  volatile,  with  a  peculiar  etberial  and  penetrating  odour. 

t  The  two  atoms  of  fixed  base  must  either  be  two  atoms  of  the  same  or  of  two  dif- 
ferent metallic  oxides,  which  are  readily  reduced,  (2  eq.  of  CuO,  2  of  HgO,  2  of  AjO. 
or  I  eq.  of  CuO  and  1  eq.  of  AgO,  &c  )  or  1  eq.  of  an  easily  reduced  oxide  with  1 
of  an  alkali,  (1  eq.  AgO  and  1  eq.  KO  or  Bat),  or  HOZnO,  Ate. )  Fulminate*  witb 
two  atoms  of  a  difficultly  reduced  metallic  oxide  cannot  be  obtained.  From  thu  it 
follows  that  when  a  salt  of  the  first  class— such,  therefore,  as  contain  2  eq.  of  oiwm 
of  silver,  mercury,  or  copper,— are  brought  into  contact  with  an  alkali,  only  one  Ut 
of  the  metallic  oxide  is  replaced  by  its  equivalent  of  the  alkali ;  the  other  half  remain 
in  the  new  compound.  This  remarkable  property  seams  to  indicate  a  more  intuni'i 
connexion  between  the  acid  and  the  oxygen  of  the  metallic  oxide  which  is  eoabw« 
with  it,  than  is  usually  considered  to  exist.   L.  761. 
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rubbed  between  two  hard  substances ;  placed  on  a  red-hot  coal,  it  sect.  lit. 
burns  with  a  slight  explosion  and  a  blue  flame. 

1755.  It  is  used  for  firing  percussion  guns  :  for  this  purpose,  10  Use. 
parts  of  the  salt  are  reduced  to  a  fine  powder  by  rubbing  it  with  a 
wooden  pestle  on  a  marble  slnb  with  30  parts  of  water ;  and  this, 
when  mixed  with  6  parts  of  nitre,  forms  a  paste,  with  which  the  cop- 
per caps  are  filled. 

1756.  Fulminate  of  Silver.  SAgO-j-CyjO,,.  Prepared  by  dissolv-  Fulminate 
ing  1  part  of  silver  in  10  of  nitric  acid  of  sp.  gr.  1.36 — 1.38  at  a  gen-  of  tilw. 
tre  heat,  adding  the  mixture  to  20  parts  of  alcohol  of  85  to  90  per  Process, 
cent.,  and  heating  the  mixture  gently;  as  soon  as  the  fluid  begins  to 

boil,  it  is  removed  from  the  fire,  and  placed  aside  to  cool.  The  solu- 
tion loses  its  transparency,  and  deposits  the  fulminate  of  silver  in 
fine  acicular  crystals  of  a  snow-white  colour  and  of  great  lustre ; 
when  washed  and  dried,  their  weight  should  equal  that  of  the 
silver  used.  1 

1757.  The  fulminate  of  silver  is  sparingly  soluble  in  cold,  but  Properties, 
perfectly  soluble  in  36  parts  of  boiling  water;  is  not  decomposed  by 

nitric  acid  ;  more  readily  exploded  than  the  mercurial  salt  by  fric- 
tion, a  blow,  or  by  contact  with  concentrated  sulphuric  acid.  Caus- 
tic alkalies  separate  half  the  silver  as  oxide,  chloride  of  barium  or 
potassium,  as  chloride ;  crystalline  salts  with  two  bases  are  obtained, 
from  which  the  acid  fulminate  of  silver  may  be  separated  by  nitric 
acid  ;  the  latter  salt  may  be  obtained  in  crystals,  and  is  more  soluble 
than  the  neutral  fulminate  of  silver. 

1758.  Fulminate  of  Copper,  2CuO,CyBOa,  is  prepared  by  digesting  Fulminate 
the  fulminates  of  silver  or  mercury  with  metallic  copper.  It  may  be  of  copper, 
obtained  in  green  crystals,  which  are  very  soluble,  and  explode  with 

a  green  flame. 

1759.  Fulminate  of  Zinc  is  obtained,  according  to  E.  Davy,  by  di-  Fulminate 
gesting  the  fulminate  of  mercury  with  metallic  zinc.    From  the  °f  *inc. 
solution,  which  no  longer  contains  a  trace  of  mercury,  baryta 
precipitates  half  the  zinc,  and  the  fulminate  of  zinc  and  baryta 

BaO  }  ®f&*  *s  opined  >  fr°m  tms  tne  baryta  may  be  precipita- 
ted by  free  sulphuric  acid,  and  the  acid  fulminate  of  zinc  remains 
in  solution,  which  has  been  described  by  E.  Davy  as  pure  fulminic 
acid,  but  the  presence  of  the  zinc  may  be  shown  after  the  decompo- 
sition of  the  fulminic  acid  by  the  sulphuret  of  ammonium  and  the 
known  reagents.* 

1760.  Hydro-chloro-cyanic  Acid,  is  the  product  of  the  decomposi-  Hydro- 
tion  of  fulminate  of  silver  by  hydrochloric  acid.    This  substance  has  chloro-cya- 
a  biting  but  sweetish  acid  taste,  does  not  precipitate  silver  salts,  and  DIC  ac,d- 
is  decomposed  by  heat  into  carbonate  of  ammonia  and  other  new 
products.    It  contains  5  eq.  of  chlorine,  and  its  constitution  is  most 
probnbly  represented  by  the  formula  CaNCI5-|-Ha. 

1761.  Cyanuric  Acid.    Described  by  Scheele  as  pyrouric  acid,  by  Cyanuric 
Serollas  as  cyanure,  but  its  nature  was  first  pointed  out  by  Wohler  acid, 
and  Liebig. 


*On  the  preparation  of  this  acid,  see  Fehling  in  Land,  and  Edin.  Philo*.  Jour. 
July,  1S39. 
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c*>*p  yi-  It  is  a  product  of  the  decomposition  of  the  solid  chloride  of  cyano- 
gen by  water,  of  the  soluble  cyanates  by  dilute  acids  (acetic,  &c.),of 
urea  by  heat,  of  uric  acid  by  the  destructive  distillation,  and  of  me* 
lam,  melamin,  nmmelid,  and  ammelin  by  acids. 


tiOD 


It  is  best  preparedly  dissolving  dry  nn  lam  in  strong  sulphuric  acid,  by 
a  gentle  beat,  throwing  the  solution  into  20 — 30  parts  of  water ;  the  mixture 
be  kept  for  several  days  at  near  its  boiling  heat,  until  upon  trial  it  no  longer  gives 
a  white  precipitate  with  ammonia,  when  the  solution  may  be  evaporated  to  cry*- 
tallize  ;  the  crystals  should  be  purified  by  a  second  crystallization.  Or  it  mar 
be  made  by  heating  urea  beyond  its  point  of  fusion,  until  it  is  converted  with  th« 
evolution  of  ammonia  into  a  white  or  grayish-white  dry  mass*,  this  must  then  be 
dissolved  in  concentrated  sulphuric  acid,  the  solution  treated  with  nitric  sad 
added  drop  by  drop  until  it  becomes  colourless,  and  then  added  to  an  equal  vo- 
lume of  water  ;  when  cold,  crystals  of  pure  cyan  uric  acid  are  deposited. 

1762.  By  dissolving  melam  in  strong  sulphuric  acid  it  is  converted 
into  aramelid,  which,  by  being  further  heated,  is  converted  into  am- 
monia and  cyanuric  acid.  Three  atoms  of  urea  contain  the  elements 
of  1  eq.  of  cyanuric  acid,  and  3  eq.  of  ammonia  ;  at  a  high  tempera- 
ture the  greater  part  of  the  ammonia  is  evolved  as  a  gas,  while  a 
small  portion  remains  in  combination  with  the  cyanuric  acid. 
Properties,  1763.  Colourless,  inodorous,  a  slight  taste,  reddens  litmus  feebly, 
sparingly  soluble  in  cold,  but  taken  up  by  24  parts  of  boiling  water;  the 
crystals  from  the  aqueous  solution  contain  21.66  per  cent.  ==  4  eq. 
water,  which  they  lose  at  common  temperature  when  exposed  to  the 
air,  but  more  rapidly  when  heated,  and  fall  into  powder.  They  are 
oblique  rhombic  prisms.  The  dry  acid  contains  3  eq.  of  water ;  it 
may  be  obtained  in  crystals  free  from  water  of  crystallization  from  a 
hot  saturated  solution  in  nitric  or  hydrochloric  acid.  The  hydrate 
when  heated  is  converted  into  3  eq.  of  hydrated  cyanic  acid,  the 
constituents  of  which  it  contains.  It  is  soluble  in  the  strongest  acids 
without  decomposition,  but  by  long-continued  boiling  is  converted 
into  ammonia  and  carbonic  acid. 

It  is  a  tribasic  acid  ;  its  hydrate  is  Cy3Oj-f-3HO;  eq.  =  130.17. 
Cyanu-  1764.  Cyanurates.  The  salts  of  cyanuric  acid  contain  three  atoms 
rates.  of  base,  which  are  represented  in  the  hydrate  by  three  atoms  of  wa- 
ter. AH  cyanurets  are  decomposed  by  hydrochloric,  nitric  acids, 
Ace. ;  the  cyanuric  acid  crystallizes  out  of  the  solutions  without  re- 
taining a  trace  of  the  metallic  oxide  with  which  it  was  united,  its 
alkaline  salts  fuse  when  heated,  leaving  a  cyanate  of  the  alkali, 
while  cyanate  of  ammonia,  cyanic  and  carbonic  acids,  are  evolved. 

JjJJJJJ      1765.  Cyanurate  of  Potassa.   The  salt  j  2^  j  +  Cy.O,  is  made 

by  neutralizing  a  boiling  saturated  solution  of  cyanuric  acid  by  po- 
tassa: it  falls  in  the  form  of  white  brilliant  cubes.  If  these  crystals 
be  dissolved  in  a  solution  of  caustic  potassa,  the  addition  of  alcohol 
precipitates  the  cyanurate  of  potassa  with  two  equivalents  of  fixed 

base,  |  j  +Cy,Os,  in  white  acicular  crystals.  On  being  re- 
dissolved  in  water  and  evaporated,  it  is  decomposed  into  free  potassa 
and  the  former  salt. 
Cyanurate  1766.  Cyanurate  of  Silver.  If  nitrate  of  silver  be  added  to  either 
or  silver.  0f  the  above  salts  of  potassa,  a  white  precipitate  is  obtained,  which 
is  cyanurate  of  silver,  with  2  eq.  oxide  of  silver  and  1  eq.  water, 


Digitized  by  Google 


405 

2a£o  |  C^°t;  this  8,1,1  healed  in  Ae  dry stale  evolves  hy^rated  Becum' 

cyanic  acid.  But  if  a  solution  of  silver  be  added  to  a  boiling  solu- 
tion of  cyarmrate  of  ammonia,  containing  ammonia  in  excess,  the 
cy  mi u  rate  with  3  eq.  of  oxide  of  silver  is  formed,  3AgO,CytO, ;  it  is 
insoluble  in  water;  very  sparingly  soluble  in  dilute  nitric  acid;  may 
be  heated  to  600°  without  decomposition ;  is  white,  is  not  blackened 
by  light,  emits  carbonic  acid  and  nitrogen  gases,  at  a  red  beat,  leav- 
ing the  cyanuret  of  silver  as  a  residue. 

1767.  (yamelid,  or  Insoluble  Cyanuric  Acid.  Probable  formula 
C,Os+NH  ;  eq.  =s  43.39.  The  hydrate  of  cyanuric  acid,  when 
free  from  water  of  crystallization,  hardens  shortly  after  its  prepara- 
tion into  a  white  porcelain -like  body,  which  is  insoluble  in  water, 
dilute  acids,  alcohol,  and  ether ;  but  is  dissolved  with  decomposition 
by  the  caustic  alkalies  ;  ammonia  is  evolved,  and  cyanate  and  cya- 
n urate  of  the  alkali  formed.  Concentrated  sulphuric  acid  dissolves 
it  with  the  aid  of  heat,  when  with  the  elements  of  2  eq.  water  it  is 
decomposed  into  carbonic  acid  and  ammonia;  submitted  to  the  de- 
structive distillation,  it  is  converted  into  hydrated  cyanic,  a  change 
which  is  very  readily  accounted  for,  since  its  composition  is  the  same 
as  that  of  the  hydrated  acid. 

Cyanogen  and  Hydrogen. 

1768.  Hydrocyanic  Acidt  Prussic  Acid.  Discovered  by  Scheele  ; 
for  a  knowledge  of  its  nature  and  chemical  properties  we  are  in- 
debted to  Gay-Lussac  :  it  is  a  constituent  of  the  water  distilled  from 
the  leaves  and  blossoms  of  several  stone-fruits  ;  is  formed  by  the  de- 
structive distillation  of  many  substances  containing  nitrogen,  by  the 
decomposition  of  formate  of  ammonia  by  heat,  and  of  the  metallic 
cyanurets  by  acids. 

1769.  Anhydrous  Hydrocyanic  Add.  Fifteen  part*  of  crystalline  ferrocyanuret  Anhydrous 
of  potassium  are  distilled  in  a  retort,  at  a  very  gentle  heat,  with  a  mixture  of  9  Hydrocya- 
parts  of  sulphuric  acid  and  9  parts  of  water,  and  the  products  collected  in  a  well-  nic  acid, 
cooled  receiver,  containing  5  parts  of  chloride  of  calcium  in  coarse  fragments  :  " 
the  mixture  of  acid  and  water  should  not  be  used  till  perfectly  cold.    The  distil- 
lation is  stopped  as  soon  as  the  chloride  of  calcium  is  perfectly  covered  by  the 
fluid  collected  in  the  receiver.    It  is  than  poured  off  into  a  strong  glass  vessel 
with  a  good  stopper* 

The  ferrocyanuret  of  potassium  contains  the  cyanuret  of  potassium, 
which  is  decomposed  by  the  hydrous  sulphuric  acid  into  sulphate  of 
potassa  and  hydrocyanic  acid ;  the  latter  passes  over  with  a  little 
water  into  the  receiver,  but  this  is  absorbed  by  the  chloride  of  calci- 
um. It  can  also  be  prepared  by  decomposing  the  bicyanuret  of  mer- 
cury by  strong  hydrochloric  or  dry  hydrosulphuric  acid  gas.    l.  766. 

The  bicyanuret  may  be  heated  gently  in  a  tube  of  about  18  inches  in  length 
and  at  least  half  an  inch  in  diameter  internally,  nearly  filled  with  tii.it  substance, 
and  placed  horizontally,  as  in  Fig.  189. 

the  cut  (Fig.  189).  The  gas  is  "-eszjsznszziassssi 
paurd  over  until  the  contents  of 
the  tube  have  become  black ; 
none  of  the  gas  escaping  from 
the  other  extremity  of  the  tube, 
till  all  the  bicyanuret  is  decom- 
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Chap.  VI.  posed.   Wbcncrer  the  odour  of  the  gas  is  perceived  at  the  mouth  of  the  i 

er,  the  tube  a,  connected  with  the  apparatus  in  which  the  gas  is  produced,  is 
withdrawn,  and  the  extremity  of  the  tube  closed  with  plaster  of  Paris  It  w 
heated  gently  when  the  late  has  set,  and  the  hydrocyanic  acid  which  has  bt«a 
formed  is  volatilized  and  condensed  in  a  small  receiver  placed  in  a  freezing  mn- 
lurc. 


1770.  At  common  temperatures,  a  clear  limpid  fluid,  very  combus- 
tible, burning  with  a  reddish  flame,  of  sp.  gr.  =  0.6969  at  64*.  h 
congeals  at  5°  to  a  solid  fibrous  mass,  boils  at  80°,  may  be  mixed  ia 
every  proportion  with  water,  ether,  and  alcohol;  the  sp.  gr.  of  the 
vapour  is  0.9476  :  scarcely  reddens  litmus  paper.  It  has  a  peculiar 
penetrating  odour,  similar  to  that  of  bitter  almonds,  checks  the 
breathing,  and  causes  a  flow  of  tears  ;  it  possesses  a  penetrating 
taste,  which  is  somewhat  burning,  and  strongly  bitter;  its  vapoor. 
when  inhaled,  acts  instantly  as  a  most  powerful  poison.  The  anti- 
dotes are  ammonia,  as  likewise  chlorine,  which,  however,  mast  be 
administered  with  caution. 

1771.  The  congelation  of  the  acid  at  6°  is,  according  to  Schab. 
owing  to  small  quantities  of  water  ;  he  states  the  perfectly  anhy- 
drous acid  as  still  liquid  at — 64°. 

Decom-  1772.  Decomposes  when  perfectly  pure  with  the  greatest  facility 
¥i*hi  be  un(^er  lne  >nfluence  of  light,  with  the  formation  of  a  brown  substance 
'  *  and  ammonia  ;  small  quantities  of  acids  prevent  this  decomposition  ; 
by  concentrated  mineral  acids  it  is  very  rapidly  converted,  together 
with  the  elements  of  water,  into  formic  acid  and  ammonia ;  3  eq.  of 
water  and  1  of  hydrocyanic  acid,  a  strong  acid  being:  present,  sutler 
mutual  decomposition,  and  are  converted  into  ammonia  which  unites 
with  the  acid,  and  into  formic  acid. 

1  eq.  hydrocy.  acid    NC2H       >  _  <  1  eq.  ainm.  N  H3 

3  eq.  water  H303  )  —  \  1  eq.  formic  acid        C2H  03 

NC2H403  NC2H403 
Action  of       1773.  Potassium  heated  in  the  vapour  of  the  acid  unites  with  the 
potassmm.  Cyan0gen,  and  liberates  the  hydrogen ;  lime  and  baryta,  when  heated 
in  the  vapour,  also  liberate  hydrogen  and  give  rise  to  cyanates  ;  it  is 
decomposed  by  chlorine  with  the  formation  of  hydrochloric  acid  and 
chloride  of  cyanogen. 
Hdyrnus       1774.  Hydrous  Hydrocyanic  Acid.  CyH,  eq.  27.39.   One  pan  of 
mc  acil*    D,cyanurel  °f  mercury  dissolved  in  8  parts  of  water  is  treated  witht 
Process     stream  of  hydrosulphuric  acid  gas  till  the  latter  is  in  slight  excess; 

the  free  hydrosulphuric  acid  removed  by  a  little  carbonate  of  lead, 
and  filtered.  The  clear  liquid  contains  of  anhydrous  hydrocya- 
nic acid.  By  the  decomposition  of  the  bicyanuret  of  mercury  the 
fluid  becomes  black  like  ink,  and  it  frequently  only  becomes  clear 
after  the  addition  of  a  small  quantity  of  a  free  mineral  acid  ;  it  con- 
tains too,  very  generally,  small  quantities  of  hydro-sulphoryanic 
acid. 

1775.  It  may  be  prepared  of  the  same  strength  and  perfectly  pure, 
according  to  Geiger, 

By  distilling  4  parts  of  crystallized  ferrocyanuret  of  potassium  with  18  pern  of 
water  and  2  of  strong  sulphuric  acid  ;  20parts  of  water  are  placed  in  the  rec-rner, 
and  the  distillation  i*  conducted  until  38  parts  have  collected.    The  disullsnosj 
in  best  conducted  in  a  chloride  of  calcium  bath,  and  the  vapours  should  be  coo 
d  by  a  condensing  apparatus  of  glass.    The  product  i»  collected  in  a  cvho 
bottle,  which  is  marked  at  the  point  corresponding  to  38  parts. 
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1776.  According  to  Clark,  it  may  be  prepared  by  dissolving  1  hi. 
part  of  tartaric  acid  in  40  parts  of  water,  and  adding  2§  parts  of  Clark's 
pure  cyanuret  of  potassium  in  coarse  fragments  to  the  solution.  The  process, 
fluid  must  be  kept  very  cold,  and  shaken  from  time  to  time  ;  this  acid 
contains  3  per  cent,  anhydrous  acid,  and  2£  to  3  grs.  of  bitartrate  of 
potassa  in  the  ounce* 

1777.  Mage n die  states  that  the  medicinal  hydrocyanic  acid  is  pre-  M«ge»diew 
pared  by  mixing  1  part  by  volume  of  the  anhydrous  acid  with  6  *cl  ' 
parts  of  water ;  or  by  weight,  1  part  of  the  acid  with  8£  of  water. 

1778.  All  methods  in  which  hydrocyanic  acid  is  obtained  by  d is- strength 
tillalion  never  yield  this  energetic  preparation  of  the  same  quality  f"^"1* 
and  strength;  even  with  the  application  of  every  possible  precaution, 

the  product  never  contains  more  than  four  fifths  of  the  small  quan- 
tity of  acid  which,  according  to  the  calculation,  ought  to  be  procured  ; 
this  arises,  when  ferrocyanuret  of  potassium  is  used,  from  a  portion 
of  the  cyanuret  entering  into  combination  with  the  protocyanuret  of 
iron  during  the  decomposition  of  the  yellow  salt,  or  from  the  impos- 
sibility of  effecting  an  absolute  condensation  of  so  volatile  a  substance 
during  the  distillation. 

1779.  It  is  therefore  greatly  preferable  to  prepare  a  stronger  acid  **^Vn" 
in  the  first  instance,  to  determine  by  experiment  the  quantity  of  an- iU 
hydrous  acid  contained  in  it ;  and  by  the  addition  of  water  to  bring 

it  to  that  degree  of  dilution  which  is  prescribed  by  the  physician,  or 
by  the  medical  laws  of  the  land.t  The  method  described  in  the  note 
may  be  used  for  testing  the  strength  of  any  solution  of  hydrocyanic 
acid  ;  100  grains  of  an  acid  which  contains  3  per  cent,  anhydrous 
prussic  acid  should,  when  precipitated  by  the  nitrate  of  silver,  give 
15  grains  of  the  cyanuret.  This  method  is  independent  of  all  acci-  Strength 
dents  which  can  possibly  have  an  influence  upon  the  activity  of  the1*"*  * 
preparation  ;  it  is  so  very  simple  that  it  will  yield  accurate  results  in 
every  hand.  The  peroxide  of  mercury,  which  is  readily  dissolved 
as  cyanide  at  common  temperatures,  may  also  be  used  to  test  the 
strength  of  the  aqueous  acid  ;  a  drop  or  two  of  caustic  pota&5.a  is  ad- 

•  Glasgow  Med.  Jour.  14. 

t  For  example  2  parts  of  crystalline  ferrocyanuret  of  potassium  arc  distilled  with  l  m.,>„  s  rfiM 
part  of  sulphuric  acid  aod  2  of  water  to  dryness  in  a  chloride  of  calcium  bath  ;  and  ■»* 
the  product,  well  cooled  by  the  condensing  tube  apparatus,  collected  in  a  narrow- 
mouthed  bottle,  into  which  2  parts  of  water  have  been  placed.  The  quantity  obtained 
generally  amounts  to  -t—  ;A  parts  by  weight  of  liquid,  containing,  according  to  the 
more  or  less  perfect  cooling,  from  17—20  per  cent,  of  anhydrous  hydrocyanic  acid. 
The  exact  quantity  is  determined  in  the  following  manner:— One  drachm=60  grs.  of 
the  dilute  acid  is  added  to  a  carefully  balanced  glass  vessel,  which  contains  a  dilute 
solution  of  nitrate  of  silver,*  and  the  increase  of  weight  accurately  determined  ;  by 
way  of  precaution,  a  trial  is  made  to  tee  whether  the  addition  of  the  silver  soluUnn 
causes  a  further  precipitation,  the  precipitate  collected  upon  a  weighed  filter,  washed, 
dried,  and  the  quantity  of  cyanuret  of  stiver  determined  by  a  second  weighing.  Five 
parts  of  the  precipitate  correspond  to  I  part  of  the  hydrocyanic  acid.  It',  lor  example 
62  grains  of  cyanuret  of  silver  be  obtained,  the  60  grains  of  dilute  acid  would  have 
consisted  of  10.4  grains  of  anhydrous  acid,  and  of  49.7  grains  of  water.  Were  it  de- 
sired, according  to  the  prescription  of  any  pharmacopoeia,  to  make  a  hydrocyanic  acid 
containing  3  ner  cent,  of  anhydrous  acid,  and  consequently  97  per  cent-  of  water,  it  is 
done  in  toe  following  manner :— 3  hydrocyanic  acid  is  to  97  water  as  10.4  acid  is  to 
X  =  336.2  water:  to  10.4  grains  of  anhydrous  acid  336.2  grains  of  water  must  be  ad- 
ded, in  order  to  form  a  mixture  which  shall  contain  3  per  cent,  of  anhydrous  acid. 
To  each  drachm  of  the  product,  therefore,  since  it  consists  of  10.4  grains  of  an' 
and  49.6  of  water,  336.2 — 49.6  =  2S6.6  grains  of  water  must  be  added. 

•  NilraU  of  silver  is  an  exceedingly  delicate  u»t  of  the  presence  of  due  sctd. 
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ded  to  the  solution,  which  is  then  treated  with  a  known,  weight  of 
the  peroxide  in  fine  powder ;  every  4  parts  of  the  oxide  dissoWed 
corresponds  to  one  of  the  anhydrous  acid. 

1780.  The  properties  of  the  aqueous  acid  are  similar  to  those  of 
the  concentrated,  with  the  difference  of  taste,  odour,  and  poisonous 
and  combustible  properties,  which  are  dependent  on  a  higher  or 
lower  degree  of  concentration  ;  it  decomposes  when  perfectly  pure  as 
readily  as  the  anhydrous  acid,  becoming  brown,  and  at  last  black. 

1781.  Like  the  anhydrous  acid,  however,  it  may  be  preserved  by  ad* 
ding  a  trace  of  a  strong  mineral  acid  ;  a  slight  permanent  reddening  of 
litmus  paper  should  not  therefore  be  considered  a  sufficient  reason  for 
rejecting  an  acid  ;  it  should  be  clear  and  colourless,  leave  no  residue 
on  evaporation,  nor  be  precipitated  or  blackened  by  hydfosulphuric 
acid  gas  (lead  or  mercury).  Treated  with  ammonia,  and  evaporated 
in  a  water-bath,  the  dry  residue  should  not  exceed  one  quarter  per 
cent. ;  nor  should  it  become  brown  when  heated,  this  indicating  the 
presence  of  formic  acid,  which  may  also  be  detected  by  the  teats 
hereafter  to  be  mentioned.  Sulphuric  acid  is  detected  by  baryta; 
hydrochloric  acid  by  evaporating  in  a  water- bath  till  all  odour  of 
prussic  acid  is  gone,  and  then  adding  a  salt  of  silver.  By  careful 
rectification  over  chalk,  an  excess  of  mineral  acids  may  readily  be 
corrected  ;  but  in  this  case  a  trace  of  hydrochloric  or  sulphuric  acid 
must  be  added  afterwards,  to  give  stability  to  the  acid,  l  76«. 

1782.  As  this  acid  is  a  very  powerful  poison,  all  experiments  with 
it  must  be  performed  with  the  greatest  caution.  Several  fatal  acci- 
dents have  occurred  ;  even  the  fumes,  incautiously  inhaled,  produce 
severe  head-ache,  nausea,  and  fainting.  A  single  drop  introduced 
into  the  throat  of  a  large  dog,  kills  the  animal.  According  to  Herbst, 
the  best  antidote  is  the  cold  affusion. 

1783.  The  presence  of  the  free  acid  is  recognized  by  its  odour. 
Its  presence  in  the  stomach  after  death  may  be  detected  in  several 
ways.  The  sulphate  of  copper  forms  when  rendered  alkaline  by  a 
little  potassa,  a  greenish  precipitate,  which  becomes  nearly  white.on 
the  addition  of  hydrochloric  acid,  but  this  is  of  less  value  than  the 
formation  of  Prussian  blue  as  proposed  by  Scheele : 

To  the  liquid  supposed  to  contain  hydrocyanic  acid,  add  a  solution 
of  green  vitriol,*  throw  down  the  protoxide  of  iron  by  a  slight  excels 
of  pure  potassa,  and  acidulate  with  hydrochloric  or  sulphuric  acid,  so 
as  to  redissolve  the  precipitate.  Prussian  blue  will  then  make  its 
appearance,  if  hydrocyanic  acid  had  been  originally  present.  The 
presence  of  protoxide  of  iron  is  essential. 

1784.  The  subject  has  been  investigated  experimentally  by  Leuret 
and  Lassaigne,  and  the  process  they  have  recommended  is  the  fol- 
lowing : 

The  stomach  or  other  substances  to  bo  examined  are  cut  into  small  fragment*, 
and  introduced  into  a  retort  along  with  water,  the  liquid  being  slightly  acidulated 
with  sulphuric  acid.  The  distillation  is  then  conducted  by  the  neat  of  boiling 
water,  till  about  one  eighth  part  of  the  water  has  passed  over  into  the  receiT«r. 
To  the  distilled  liquid  add  a  drop  of  caustic  potassa,  and  immediately  after  a  rery 
small  quantity  of  tne  solution  of  sulphate  of  copper.  A  small  quantity  of  matter 
will  be  disengaged  by  the  action  of  the  alkali  on  the  copper  solution.  Then  «M 
one  or  two  drops  of  hydrochloric  acid.    If  no  hydrocyanic  acid  be  present,  the 


♦  Liebig  disapproves  of  this  teat. 
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precipitate  will  be  dissolved  and  the  liquid  become  transparent ;  but  if  any  of  the    Sccu  III. 

acid  is  present  it  will  remain  undissolved  and  white.  By  this  method  jp)  ours 
part  of  the  acid  may  be  detected.  There  is,  however,  a  source  of  ambiguity  , 
the  same  white  precipitate  will  remain  if  the  liquid  should  contain  hydriodic  acid. 

Sulphate  of  iron  when  substituted  for  sulphate  of  copper  will  detect  tit  iou  °f 
the  weight  of  the  acid,  but  it  has  the  advantage  of  being  characteristic  in  conse- 
quence of  the  formation  of  Prussian  blue.* 

1785.  Hydrocyanate  of  Ammonia,    Cyanuret   of  Ammonium.  Hydroeya- 
NH,Cy,  eq.  =  44.64.  Prepared  by  distilling  dry  ammoniacal  salts  gggf— ■ 
with  metallic  cyanurets,  or  by  bringing  anhydrous  hydrocyanic  acid  moma* 
into  contact  with  ammoniacal  gas,  when  the  compound  is  produced 

in  the  form  of  bright  crystalline  plates.  It  is  almost  as  volatile  as 
the  acid  itself;  decomposes  very  rapidly  in  water,  is  poisonous,  and 
has  a  strong  peculiar  smell. 

1786.  On  bringing  hydrocyanic  acid  into  contact  with  metallic  ox-  Hydrocya- 
ides  which  retain  their  oxygen  by  a  feeble  affinity,  as  in  the  oxides  of  nic  acid 
mercury,  silver,  palladium,  they  suffer  mutual  decomposition,  giving  J" mSw," 
rise  to  the  formation  of  water  and  a  metallic  cyanuret ;   if  no 

water  be  present,  the  decomposition  is  accompanied  by  so  great  an 
evolution  of  heat  as  to  cause  an  explosion.  The  alkaline  oxides 
unite  with  the  acid  without  decomposition  ;  in  this  class  of  com- 
pounds also  the  decomposition  of  the  acid  and  alkali  is  instantly 
effected,  when  the  solution  is  treated  with  another  metallic  cyanuret, 
with  which  they  form  a  double  compound.  With  many  peroxides, 
as,  for  example,  with  the  peroxide  of  copper,  the  hydrocyanic  acid 
gives  rise  to  a  corresponding  percyanuret ;  but  this  is  decomposed 
either  instantly,  or  after  a  short  time,  into  cyanogen  gas,  and  a  pro- 
tocyanuret;  with  the  peroxide  of  lead  the  protocyanuret  is  formed, 
and  cyanogen  liberated. 

1787.  The  compounds  of  cyanogen  with  silver,  mcreury,  and  With  ail- 
most  heavy  metals,  are  not  decomposed  by  dilute  ox-acids,  and  are  ver>  *** 
with  difficulty  decomposed  by  concentrated  nitric  acid  at  a  boiling 
temperature ;  many  of  them  with  great  facility  by  hydrosulphunc 

and  hydrochloric  acid  into  hydrocyanic  acid,  and  a  metallic  sul- 
phtiret  or  chloride  (cyanurets  of  mercury,  silver).  The  cyanurets 
of  the  precious  metals  (silver,  mercury)  are  decomposed  by  heat  like 
the  corresponding  oxides  into  cyanogen  and  metal ;  the  cyanurets  of 
the  heavy  metals  into  a  carburet  and  free  nitrogen  ;  the  cyanurets 
of  the  alkaline  metals,  if  protected  from  the  action  of  the  air  and 
moisture,  will  bear  a  very  high  temperature  without  decomposition. 

1788.  All  insoluble  cyanurets  of  the  heavy  metals  may  be  formed  insoluble 
by  adding  hydrocyanic  acid  to  the  acetate.  They  are  decomposed  cyanureu 
on  being  healed  in  a  large  excess  of  hydrochloric  acid  or  in  hydrate 

of  potassa  into  a  metallic  chloride,  or  into  an  oxide,  ammonia,  and 
formic  acid  ;  the  latter  is  the  case  with  the  alkaline  cyanurets  when 
boiled  in  an  excess  of  alkali.  All  metallic  cyanurets,  the  correspond- 
ing oxides  of  which  do  not  retain  carbonic  acid  at  a  red  heat,  evolve, 
when  burnt  with  oxide  of  copper,  nitrogen  and  carbonic  acid  goses 
in  the  proportion  I  :  2  by  volume. 

17S9.  Cyanuret  of  Potassium.  KCy  eq.  66.54.  Formed,  when  Cjanuret 
potassium  is  heated  in  cyanogen  gas  with  the  appearance  of  com-  *"  P01***'* 


*  Ann.  de  Chun,  tt  Phy.  xxvil.  200. 
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Cn»p.  vj.  bustion,  by  heating:  potassium  with  anhydrous  substances  containing 

nitrogen,  by  heating  the  carbonate  of  potassa  to  redness  with  matter 

containing  carbon  and  nitrogen. 

By  adding  hydrocyanic  acid  in  excess  to  a  recently  prepared  concentrated  to- 
lution  of  caustic  potassa,  evaporating  the  solution  in  a  retort  at  a  boiling  beat  till 
crystallization  commences,  when  it  must  be  poured  into  a  porcelain  dish  and 
fused  at  a  low  red  heat.    Or  a  saturated  alcoholic  solution  of  hydrate  of 

f)otassa  is  treated  with  strong  hydrocyanic  acid  in  successive  portions  at 
ong  as  it  throws  down  a  white  crystalline  precipitate,  which  should  be 
washed  with  alcohol  and  dried.  An  additional  quantity  is  obtained  by  eva- 
porating the  liquid  in  a  retort.  Or  better  by  heating  the  ferrocyanuret  of  po- 
tassium, carefully  dried  and  reduced  to  a  fine  powder,  in  an  iron  vessel  or  well- 
closed  crucible  to  a  strong  red  heat,  exposure  to  the  air  being  carefully  avoided  till 
quite  cold  ;  the  semi-fused  or  black  porous  mass  must  then  be  reduced  to  a 
fine  powder,  placed  in  a  funnel,  moistened  with  a  little  alcohol,  and  then 
washed  with  cold  water.  The  first  concentrated  colourless  solution  which 
passes  off,  is  rapidly  brought  to  dryness  and  fused  in  a  porcelain  dish.  The 
pounded  fused  mass  may  also  be  boiled  in  spirit  when  the  cyanuret  is  depo- 
sited in  crystals  on  cooling.  Alcohol  of  60  per  cent,  dissolves  at  the  boiling 
temperature  a  considerable  quantity  of  the  cyanuret,  almost  the  whole  of 
which  is  again  deposited  as  the  solution  cools;  if  it  be  stronger  or  weaker, 
this  does  not  occur.  The  application  of  warm  water  in  the  preparation  mu*t 
be  altogether  avoided,  as  when  air  is  present  it  at  once  colours  the  so- 
lution yellow,  owing  to  the  reproduction  of  the  ferrocyanuret  of  potassium. 

1790.  Colourless,  crystallizes  in  transparent  cubes,  or  other  forms 
of  the  octohedral  system,  without  odour,  but  of  a  sharp  biting  alka- 
line and  bitter-almond  taste ;  fuses  readily  to  a  clear  transparent 
liquid,  and  will  bear  a  white  heat  without  decomposition  in  close 
vessels  ;  exposed  to  oxygen,  on  the  contrary,  it  is  converted  intocy- 
anate  of  potassa.  On  exposure  the  crystals  become  opaque,  deli- 
quesce in  a  moist  atmosphere,  are  very  soluble  in  water,  the  solution 
is  decomposed  even  by  the  carbonic  acid  of  the  air,  and  smells  of 
prussic  acid.  Even  kept  in  close  vessels  it  decomposes  in  a  shorter 
or  longer  time. 

Action  of  1791.  The  cyanuret  of  potassium  is  converted,  when  dissolved  in 
water,  into  hydrocyanate  of  potassa  ;  if  the  solution  be  evaporated  with 
an  excess  of  potassa,  the  whole  of  the  nitrogen  is  evolved  as  ammo- 
nia, and  formate  of  potassa  remains.  Effervescence  on  the  addition 
of  an  acid  proves  the  presence  of  carbonic  acid  ;  a  yellow  colour, 
that  of  iron  ;  and  a  blackening  when  heated,  the  admixture  of  salts 
of  formic  acid.    It  may  be  used  instead  of  the  hydrocyanic  acid. 

1792.  Cyanuret  of  Iron.  FeCy  ;  eq. =64.39.  This  compound, 
remarkable  from  its  tendency  to  form  a  very  peculiar  class  of  double 
compounds  by  uniting  with  other  cyanurets,  would  appear  as  inca- 
pable of  existing  in  a  free  state  as  the  corresponding  protoxide.  On 
adding  a  proto-salt  of  iron  to  a  solution  of  cyanuret  of  potassium,  a 
yellowish-red  precipitate  is  formed,  which  is  redissolved  by  an  ex- 
cess of  the  cyanuret  into  a  yellow  liquid,  the  ferrocyanuret  of  potas- 
sium. On  heating  dry  ferrocyanuret  of  ammonium,  cyanuret  of 
ammonium  i3  evolved,  and  a  gray  insoluble  powder,  which  has  been 
considered  as  this  compound,  is  the  residue  obtained.  It  is  also 
produced,  according  to  Kobiquet,  by  pouring  a  saturated  solution  of 
hydrosulphuric  acid  over  recently  precipitated  Prussian  blue  con- 
tained in  a  well-stoppered  vessel ;  the  Prussian  blue  becomes 


iron. 
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and  the  solution  contains  hydrocyanic  acid.*    The  properties  of  Sect.m. 
these  preparations  differ  too  widely  to  allow  of  their  being  considered  " 
as  identical. t 

1793.  Bicyanuret  of  Mercury.  HgCya,  eq. =254.78.  An  aque-  Bicyanuret 
ous  solution  of  prussic  acid  is  treated  with  finely  powdered  peroxide  °  mercary- 
of  mercury  until  all  odour  of  the  former  disappears;  the  liquid 

yields  on  evaporation  perfectly  pure  crystals  of  the  bicyanuret. 

For  this  purpose  the  acid  prepared  as  recommended  by  Gciger  is  most  conve-  Process, 
nient ;  it  should  be  introduced  into  a  well-stopped  bottle,  and  the  combination 
with  the  oxide  of  mercury  promoted  by  frequent  agitation.  It  must  always  be 
remembered,  that  the  compound  can  only  be  produced  when  water  is  present  in 
sufficient  quantity  to  dissolve  the  whole  of  the  cyanuret ;  water  must  therefore 
be  added,  should  it  be  observed  that  the  liquid  smells  of  prussic  acid,  while  any 
portion  of  the  oxide  of  mercury  remains  undissolved.  Or  by  adding  to  a  solution 
of  2  parts  of  ferrocyanuret  of  potassium  in  15  parts  of  boiling  water,  3  parts  of 
perfectly  dry  bisulphate  of  the  peroxide  of  mercury  ;  boil  the  mixture  for  a  quar- 
ter of  an  hour,  ana  separate  the  clear  liquid  while  boiling  hot  from  the  precipitate 
by  filtration  ;  as  the  solution  cools,  the  bicyanuret  crystallizes.  The  mother- 
liquor  yields  a  second  crop  of  crystals  by  further  concentration ;  or  it  may  be 
evaporated  to  dryness,  and  the  cyanuret  obtained  from  the  residue  by  boiling  al- 
cohol The  first  crystals  from  the  aqueous  solution  are  purified  by  a  second 
crystallization. 

1794.  The  formation  of  the  cyanide  in  this  process  is  owing  to  Explained, 
the  mutual  decomposition  between  the  2  eq.  of  cyanuret  of  potassium 

of  the  ferrocyanuret  and  2  eq.  of  persulphate  of  mercury  into  bicya- 
nuret of  mercury  and  sulphate  of  potassa,  while  the  cyanuret  of  iron 
is  precipitated. 

1795.  Crystallizes  in  colourless  transparent  regular  four  or  six- 
sided  pri*ms ;  they  are  anhydrous,  permanent  in  the  air,  of  a  very 
disagreeable  metallic  taste,  and  are  very  poisonous.  Is  dissolved  by 
8  parts  of  water  at  60°,  but  is  more  soluble  in  boiling  water,  and  in 
alcohol. 

Peroxide  of  mercury  decomposes  all  soluble  metallic  cyanurets 
with  the  formation  of  an  oxide  and  double  cyanurets  of  mercury  and 
other  melals.l 

1796.  Cyanuret  of  Silver.  AgCy,  eq.  134.39.  Falls,  on  mixing  Cyanuret 
a  soluble  salt  of  silver  with  hydrocyanic  acid,  in  the  form  of  a  bril-  1  r* 
liant  white  curdy  precipitate ;  is  decomposed  by  all  hydracids,  but 

with  great  difficulty  by  other  mineral  acids  ;  strong  boiling  nitric 
acid  alone  can  dissolve  it ;  suffers  no  change  by  the  caustic  fixed  al- 
kalies, is  readily  dissolved  by  ammonia.  Is  soluble  in  a  concen- 
trated solution  of  the  nitrate  of  silver,  forming  with  it  a  compound, 
which  may  be  obtained  in  crystals,  but  is  not  permanent  in  water. 
It  gives  rise  to  double  compounds  with  all  cyanurets  of  the  alkaline 
metals. 

1797.  Cyanuret  of  Palladium.    PdCy,  eq.  79.69.    The  affinity  Cyanuret 
of  palladium  for  cyanogen  surpasses  that  of  all  other  metals  ;  they  JJ„lp*,l*di* 

*  Berzelius. 

t  Sesqui,  and  Prolo  cyanurets  of  Iron,  FeCy+FesCys+4  oq. 

t  If  tb*  bicyanuret  be  boiled  with  an  excess  of  peroxide  of  mercury,  the  latter  is  dis- 
solved in  large  quantity  (3  eq.  Kohn),  and  the  solution  on  evaporation  deposits  a 
compound  in  fine  acicular  crystals;  these  are  more  soluhle  in  cold  water  than  the  bi- 
cyanuret, and  have  an  alkaline  reaction  on  vegetable  colours.  Tbe  formation  of  this 
compound,  during  the  preparation  of  the  bicyanuret,  must  be  carefully  avoided,  or 
only  a  white  saline  mass  may  be  obtained.  This  is  best  done  by  the  careful  addition 
of  hydrocyanic  acid  until  its  odour  is  slightly  perceptible. 
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Chap,  vi.  combine,  whenever  hydrocyanic  acid  or  any  soluble  cyanuret  is  ad- 
ded to  a  salt  of  the  oxide  of  palladium,  in  the  form  of  a  light  cheat- 
nut  precipitate,  which  has  a  greenish  tint  if  copper  be  present; 
gives  rise  to  double  salts  with  ammonia,  cyanuret  of  potassium,  and 
nitrate  of  the  oxide  of  palladium. 
JJjJPJJjj  1798.  Per cyanuret  of  Gold.  AuCy„eq.=278.17.  This  compound 
°       '  has  recently  been  used  medicinally. 

A  solution  of  gold  in  aqua  regia,  carefully  deprived  of  all  free  acid  by  crap> 
ration,  is  precipitated  by  a  recently  prepared  solution  of  caustic  potassa  to  which 
hydrocyanic  acid  has  been  added  in  excess ;  care  must  be  taken  that  a  small  quan- 
tity of  the  chloride  of  gold  remain  in  the  solution.  The  yellowish-white  preci- 
pitate is  collected,  washed,  and  dried.  An  excess  of  cyanuret  of  potassium 
dissolves  the  precipitate,  and  the  solution  has  a  yellowish-red  colour,  but  in  urn 
case  it  is  re-precipitated  by  the  addition  of  an  acid.  It  may  also  be  prepared  by 
adding  to  16  parts  of  gold  dissolved  in  aqua  regia  by  the  aid  of  heat  a  boiling  so- 
lution of  24  parts  of  bicyanuret  of  mercury,  evaporating  to  dry  ness,  and  washing 
with  pure  water. 

burets  of*  1799.  All  insoluble  metallic  cyanurets  (the  heavy  metals)  combine 
the  metals,  with  the  soluble  (the  alkaline  metals)  to  peculiar  generally  crystal- 
lizabie  double  compounds,  which  are  very  similar  in  their  general 
properties  to  the  combinations  of  the  soluble  and  insoluble  metallic 
sulphurets.  On  mixing  a  double  cyanuret  of  potassium  or  sodium 
with  a  metallic  salt,  the  basis  of  which  is  an  oxide  of  a  heavy  metal, 
a  new  double  compound  is  generally  formed,  arising  from  the  re- 
placement of  the  alkali  by  its  equivalent  of  the  heavy  metal.  The 
double  cyanuret  of  silver  and  potassium,  KCy-j-AgCy,  forms,  with 

acetate  of  lead,  PbOA,  the  double  cyanuret  of  silver  and  lead,  PbCy 
+AgCy,  and  acetate  of  potassa. 
Constitu-       1900.  The  composition  of  these  compounds  is  best  explained  by 
tion  of  the  supposing  the  existence  of  a  radical,  which  contains  1  eq.  of  iron  in 
compounds  combination  with  carbon  and  nitrogen  in  the  same  proportion  astbey 
of  iron  and  exist  in  cyanogen,  but  in  such  quantity  as  would  form  3  eq.  of  the 
cyanogen,  letter,  and  which,  by  uniting  with  2  eq.  of  hydrogen,  form  a  bibasic 
acid.    The  radical  itself  may  be  called  ferrocyanogen  ;  the  acid, 
hydro-ferrocyanic  acid  ;  and  the  compounds  of  the  radical  with  the 
metals  by  the  same  adjuncts  to  ferrocyanuret  as  are  used  for  the 
corresponding  oxides. 

The  ferrocyanogen  is  composed  of 

3  eq."  Srogen  \  =3      cyan08en+1  «1  mnml  eq.  ferrocyanogen  ;  symb.  Cfy. 

Compounds  of  Ferrocyanogen. 
Hydro-fer-     1801.  Hydro- Ferrocy ani c  Acid.   Cfy+2H,  eq.=  109.17.  Diaco- 

'aaa"^      Vered  hY  Porrett' 

Prepared  by  decomposing  recently  precipitated  ferrocyanuret  of  lead  or  copper 
by  sulphuretted  hydrogen  ;  filter  to  separate  the  metallic  sulphuret,  and  crape- 
rate  over  sulphuric  acid  in  vacuo.*1  Or  by  mixing  pure  Prussian  blue  with  ten 
times  its  volume  of  concentrated  hydrochloric  acid,  and  as  soon  as  the  blue 
colour  has  disappeared,  and  the  insoluble  portions  have  become  yellow  or  brown, 
washing  it  well  with  fresh  portions  of  the  concentrated  acid ;  the  moist  mas* 
should  bo  spread  out  upon  a  clean  tile,  placed  under  a  bell-jar  with  quick 
lime,  and  when  dry  dissolved  in  alcohol,  and  the  solution  spontaneously  ev»- 
poratcd.t 

t  Robiquet. 
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1802.  A  white  distinctly  crystalline  mass,  or  small  granular,  some-  Sect- 
times  acicular  crystals,  which  acquire  a  blue  colour  by  exposure  to  Properties, 
the  air.    The  aqueous  solution  is  decomposed  by  boiling  into  hydro- 
cyanic acid,  and  a  white,  but  after  exposure  in  open  vessels  blue, 
precipitate.    The  hypothetical  radical  of  the  acid  can  (probably)  not 

be  isolated. 

1803.  Ferrocyanuret  of  Ammoniurh.  It  may  be  formed  by  digest-  Pcrrocyan- 
ing  at  a  gentle  heat  the  ferrocyanuret  of  lead  with  carbonate  of  am-  uret  of  am- 
monia ;  filtering  to  separate  the  carbonate  of  lead,  and  evaporating  roonium- 
to  crystallization.    It  is  isomorphous  with  the  ferrocyanuret  of  po- 
tassium ;  the  crystals  are  white,  or  yellowish-white,  transparent, 
permanent  in  tbe  air,  very  soluble  in  cold,  but  decomposed  by  boiling 

water  into  cyanuret  of  ammonium  and  cyanuret  of  iron,  insoluble  in 
alcohol.  It  forms  with  sal  ammoniac  a  double  salt,  which  is  obtain- 
ed by  boiling  a  solution  of  equal  parts  of  ferrocyanuret  of  potassium 
and  sal  ammoniac  in  6  parts  of  water,  when  it  forms,  on  cooling, 
large  lemon-yellow  crystals,  which  are  very  brittle  and  permanent 
in  the  air.  They  are  composed  of  an  eq.  of  ferrocyanuret  of  ammo- 
nium, 1  of  sal  ammoniac,  and  3  eq.  water.* 

1804.  On  bringing  the  hydro-ferrocyanic  acid  into  contact  with  Hydro-fer- 
metallic  oxides,  the  latter  are  reduced  by  the  hydrogen  of  the  acid,  JS^fi 
water,  and  a  compound  of  the  metal  with  the  radical  of  the  acid  be-  metallic  ox- 
tag  formed  ;  as  1  eq.  of  the  acid  contains  2  eq.  of  hydrogen,  it  fol-  idea, 
lows  as  a  necessary  consequence  that  it  decomposes  2  eq.  of  the 

most  numerous  class  of  oxides,  in  which  1  eq.  of  oxygen  is  present 
in  1  eq.  of  the  oxide. 

1805.  The  ferrocyanurets  are,  without  exception,  decomposed  Decompot- 
when  exposed  to  a  red  heat  in  close  vessels ;  those  which  contain  an  ed  by  beat- 
alkaline  metal  give  rise  to  the  formation  of  the  cyanuret  of  that 

metal,  a  carburet  of  iron,  and  the  evolution  of  nitrogen  gas  ;  all 
others  yield  mixtures  of  metals  and  metallic  carburets,  with  or  without 
the  evolution  of  cyanogen.  All  the  soluble  ferrocyanu rets  are  decom- 
posed by  being  boiled  with  peroxide  of  mercury  into  perycyanuret  of 
mercury,  free  alkali,  and  oxy-cyanuret  of  iron.  The  ferrocyanurets  of 
potassium  and  sodium  are  converted  by  being  calcined  in  open  ves- 
sels into  alkaline  cyanates,  and  the  black  oxide  or  carburet  of  iron. 

1806.  Most  of  the  ferrocyanurets  contain  water  of  crystallization,  Properties, 
which  they  lose  when  heated.    Those  of  zinc,  copper,  and  mercury 

unite  with  ammonia  to  peculiar  crystalline  double  compounds. t  Most 
of  them  are  soluble  in  concentrated  sulphuric  acid  without  decompo- 
sition ;  or  they  unite  with  it,  when  they  lose  their  colour,  to  saline 
combinations  in  which  the  ferrocyanuret  acts  the  part  of  a  base.  By 
nitric  acid  they  are  decomposed,  many  of  them  with  the  evolution  of 
cyanogen  and  the  formation  of  metallic  ferrid-cyanurels.  When 
those  which  are  soluble  in  water  are  boiled  with  dilute  acids,  the 
hydro-ferrocyanic  acid  is  separated,  and  at  that  temperature  decom- 
posed into  hydrocyanic  acid  which  escapes,  and  into  the  white  but 
impure  protocyanuret  of  iron,  which,  on  exposure  to  the  air,  absorbs 
oxygen  and  becomes  blue. 

1807.  Ferrocyanuret  of  Potassium.  In  crystals  KaCfy+3  aq.,  eq.  Ferrocya- 
=185.47.  This  compound  occurs  of  great  purity  in  commerce,  and  is  n 
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c^p  vi.  prepared  on  a  large  scale  by  fusing  substances  which  are  rich  in  ni- 
Process,  trogen,  as  horn,  hoof,  and  dried  blood,  with  2 — 3  parts  of  carbonate 
of  potassa  in  iron  vessels  ;  the  mass  after  perfect  fusion  is  allowed  to 
cool,  the  soluble  parts  removed  by  boiling  water  from  which  the  fer- 
rocyanuret  is  obtained  by  crystallization.  It  may  be  obtained  on  a 
small  scale  by  boiling  Prussian  blue  in  carbonate  of  potassa. 
Explained.  1808.  By  the  fusion  of  substances  containing  carbon  and  nitrogen 
with  carbonate  of  potassa  at  a  red  heat,  the  potassa  is  reduced  by  a 
portion  of  the  carbon  to  potassium,  by  the  reaction  of  which  on  the 
rest  of  the  materials  cyanuret  of  potassium  as  the  principal  product 
is  formed.  The  red-hot  fused  mass  does  not  contain  a  particle  of 
the  ferrocyanuret,  but  it  contains,  in  the  form  of  a  black  slime,  a 
large  quantity  of  finely  divided  metallic  and  carburetted  iron.  If  the 
mass  be  treated  with  cold  water,  and  the  solution  evaporated,  no 
ferrocyanuret  is  obtained ;  but  if,  while  covered  with  water,  it  is 
Effect  of  freely  exposed  to  the  air  and  gently  warmed  for  some  hours,  oxygen 
air-  is  rapidly  absorbed,  and  a  yellow  solution  is  obtained,  which  is  rich 
in  ferrocyanuret  of  potassium  ;  this  arises  from  the  solution  of  pure 
cyanuret  of  potassium  dissolving  iron  when  oxygen  is  present  with 
the  formation  of  potassa;  the  potassium,  therefore,  of  the  cyanuret, 
by  uniting  with  oxygen,  gives  the  cyanogen  to  the  iron,  by  which 
the  latter  is  converted  into  cyanuret,  and  thus  acquires  the  property 
of  uniting  with  undecornposed  cyanuret  of  potassium  to  the  ferrocy- 
anuret. 

Airexclud-  1809.  In  close  vessels  the  solution  of  iron  by  cyanuret  of  potassi- 
ed.  um  is  attended  with  the  evolution  of  hydrogen,  owing  to  the  decom- 

position of  water,  the  oxygen  of  which  unites  with  the  potassium, 
while  the  cyanogen  passes  over  to  the  iron.  The  fused  mass  con- 
tains a  large  quantity  of  free  potassa,  which,  by  being  boiled  with  the 
cyanuret  of  potassium,  causes  the  decomposition  of  the  latter  into 
formate  of  potassa  and  ammonia  ;  if  the  animal  substances  be  fused 
in  open  vessels  with  the  potassa,  a  portion  of  the  cyanuret  of  potas- 
sium is  burnt  into  cyanate  of  potassa,  the  solution  of  which  is  decom- 
posed by  boiling  into  ammonia  and  bicarbonate  of  potassa.  The 
ammonia  arises  in  every  case  from  the  decomposition  of  the  cyanuret 
of  potassium;  its  formation  is  consequently  always  accompanied  by 
a  corresponding  loss,  and  should  be  most  carefully  avoided. • 

1810.  Crystallizes  in  large  quadrangular  tables  or  short  prisms 
with  truncated  edges  and  angles,  which  belong  to  the  square  pris- 
matic system  ;  is  of  a  lemon-yellow  colour,  of  sp.  gr.  1.832:  has  at 
first  a  sweetish  bitter,  but  afterwards  saline  taste  ;  is  permanent  in 
the  air,  loses  at  212°  12.82  per  cent.=3  eq.  of  water,  and  becomes 
white  ;  is  soluble  in  4  parts  of  cold  and  in  2  parts  of  boiling  water; 
is  insoluble  in  alcohol,  by  which  it  is  precipitated  from  its  aqueous 

i  haia      *    's  ^esl  to  treat  ooe  third  either  by  volume  or  weight  of  a  cold  solution  of  the  raw 
oUrSTimt^r.  mass  wiih  pr  >tosulphaie  of  irou  as  long  as  a  precipitate  falls,  then  add  the  remaining 
two  thirds  of  the  solution,  and  bring  the  whole  to  the  boiling  point ;  it  mustalwaysbe 
remembered  that  the  solution  must  contain  tree  potassa.    In  this  manner  sulphate  of 
potassa  is  obtained,  and  all  the  cyanuret  of  potassium  is  converted  without  anr  loss 
into  the  ferrocyanuret ;  the  solution  can  be  evaporated  without  decomposiUon.  and  the 
sulphate  of  potassa  is  easily  separated  by  crystallization.    The  raw  solution  generally 
sulphocyanur.  t  of  potassium,  sulphuret  of  potassium,  formate  and  car- 
ssa,  all  of  which  remain  in  the  mother  liquor. 
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solution  in  brilliant  yellow  flakes.  Is  converted  by  nitric  acid,  with 
the  escape  of  cyanogen,  and  by  chlorine,  into  the  ferrid-cyanuret  of 
potassium.  At  a  red  heat  it  is  decomposed  into  the  carburet  of  iron 
and  cyanuret  of  potassium,  but  by  the  action  of  atmospheric  air  the 
latter  is  converted  into  cyanate  of  potassa. 

1811.  The  ferrocyanuret  of  potassium  forms  double  compounds  Use. 
with  other  ferrocyanurets.    It  is  used  as  o  test  for  the  oxide  of  iron 

in  solution.  When  thus  employed,  however,  it  must  be  remem- 
bered that  the  solution  must  not  have  an  alkaline  reaction,  for  all 
solutions  of  oxide  of  iron  which  contain  free  ammonia  are  not  preci- 
pitated by  the  ferrocyanuret  of  iron. 

It  is  used  for  the  preparation  of  hydrocyanic  acid,  percyanuret  of 
mercury,  Prussian  blue,  Sec. ;  taken  in  largo  doses  is  purgative  and 
not  poisonous.* 

1812.  Ferrocyanuret  of  Mercury.    On  mixing  a  solution  either  Ferrocya- 
of  pro-  or  peroxide  of  mercury  with  ferrocyanuret  of  potassium  a  white 
precipitate  falls,  which  spontaneously  decomposes  into  cyanuret  of  ry' 
mercury  which  is  re-dissolved,  and  into  cyanuret  of  iron.  This 
change  is  rendered  more  rapid  by  the  aid  of  heat,  and  metallic  mer- 
cury is  separated  when  a  proto-salt  of  mercury  has  been  used. 

1813.  Ferrocyanuret  of  potassium  produces  white  precipitates  with  Colour  of 
the  salts  of  silver,  zinc,  and  bismuth,  a  greenish-white  with  those  K^S** 
of  nickel,  and  green  with  cobalt ;  but  the  latter,  by  taking  up  water, 
become  reddish-gray  ;  with  salts  of  protoxide  of  manganese  a  white 
precipitate  is  first  formed,  but  it  afterwards  acquires  the  colour  of 
peach-blossoms. 

1814.  Se$qui-ferrocyanurct  of  Iron.    Discovered  by  Diesbach  in  ptuMian 
Berlin  in  1710,  from  which  it  became  generally  known  as  Prussian  blue. 

or  Berlin  blue.  It  is  formed  whenever  a  salt  of  peroxide  of  iron  is 
added  to  a  soluble  metallic  ferrocyanuret ;  compounds  similar  in  co- 
lour, but  different  in  constitution,  although  likewise  known  by  the 
name  of  Prussian  blue,  may  be  obtained  by  precipitating  the  ferrid- 
cyanuret  of  potassium  by  a  salt  of  the  protoxide  of  iron,  or  by  preci- 
pitating the  ferrocyanuret  of  potassium  by  a  proto-salt  of  iron,  adding 
an  acid,  and  exposing  the  precipitate  to  the  air  until  it  becomes  blue. 

By  precipitating  a  solution  of  perchloride  or  pernitrate  of  iron  by  ferrocyanuret  Process, 
of  potassium,  care  being  taken  to  avoid  an  excess  of  the  latter.  Or  by  dissolving 
6  parts  of  green  vitriol  and  ii  parts  of  ferrocyanuret  of  potassium  each  by 
itself  in  15  parts  of  water,  mixing  the  two  solutions,  and  then  adding  to  them  1 
part  of  concentrated  sulphuric  acid  and  24  parts  of  fuming  hydrochloric  acid  un- 
der constant  stirring.  After  some  hours  the  whole  should  be  treated  with  a 
clear  solution  of  I  part  of  bleaching-powder  in  80  of  water,  added  in  successive 
portions,  care  being  taken  to  step  the  addition  of  the  bleaching  liquid  as  soon  as 
an  effervescence  arising  from  the  escape  of  chlorine  gas  is  observed.  After  stand- 
ing some  hours,  the  precipitate,  should  be  thoroughly  washedt  and  dried,  either 
at  common  or  high  temperatures.  Or  the  precipitate  may  be  treated  with  dilute 
nitric  acid  till  it  is  rendered  of  a  deep  blue  colour.  This  yields  the  finest  pro- 
duett 

1815.  Prussian  blue  dried  at  common  temperatures  is  a  light  po-  Properties, 
rous  body  of  a  deep  velvet-blue  colour;  dried,  on  the  contrary,  at 

high  temperatures,  it  has  a  deep  copper-red  colour,  but  the  powder 

•  For  other  ferrocyanurets  see  Liehig  and  Turner's  Element*,  780. 
t  Hochsittter. 

t  For  details  of  the  manufacture,  sea  Ure's  Diet.  Art*  and  Sfanuf.  1040. 


Digitized  by  Google 


416  Cyanogen  and  its  Compounds. 

Chap,  vi.  is  blue  ;  it  is  tasteless,  insoluble  in  water  and  dilute  acids,  and  is  not 
poisonous.  The  painter's  Prussian  blue  of  commerce  contains  vari- 
able quantities  of  earthy  matter.  When  heated  in  close  vessels, 
water,  hydrocyanic  acid,  and  carbonate  of  ammonia  are  evolved,  and 
carburet  of  iron  is  the  residue  ;  it  may  be  kindled  in  the  air  by  a 
red-hot  body,  when  it  burns  slowly  to  oxide  of  iron ;  it  is  decomposed 
by  fuming  nitric  acid,  but  strong  sulphuric  acid  unites  with  it,  form- 
ing a  white  mass  of  the  consistence  of  paste.  Concentrated  hydro- 
cyanic acid  deprives  it  of  its  iron,  and  liberates  the  hydro-ferrocyanic 
acid;  sulphuretted  hydrogen  whitens  it,  but  the  colour  returns  od 
exposure  to  the  air ;  metallic  zinc  and  iron  have  a  similar  action. 
By  peroxide  of  mercury  it  is  decomposed  into  percyanuret  of  mer- 
cury, and  an  insoluble  mixture  of  oxide  and  cyanuret  of  iron  ;  by 
alkalies,  into  soluble  ferrocyanurets  and  peroxide  of  iron. 

1816.  In  reference  to  the  constitution  of  this  compound,  it  is 
known  with  certainty  that  it  differs  from  all  other  ferrocyanurets. 
It  contains  hydrogen  and  oxygen,  which  cannot  be  separated  withoot 
the  decomposition  of  the  compound,  so  that  it  must  be  considered  as 
formed  by  the  union  of  hydro-ferrocyanic  acid  with  the  peroxide  of 
iron  combined  without  reduction.  According  to  the  experiments  of 
Berzelius,  the  weight  of  the  iron  of  the  hydro-ferrocyanic  acid  is  to  that 
of  the  oxide  as  3  :  4  ;  from  this  it  may  be  concluded  that  its  forma- 
tion is  owing  to  the  decomposition  of  3  eq.  of  ferrocyanuret  of  po- 
tassium, and  2  eq.  of  peroxide  of  iron,  into  6  eq.  of  a  potassa  saltaod 
into  Prussian  blue. 


»£teO  |  =<3Cfy+2Fe,)+6KO. 


Eflectof  1317.  Prussian  blue  becomes  white  in  the  direct  rays  of  the  sun, 
,g  and  cyanogen  is  evolved  ;  but  in  the  dark  it  absorbs  oxygen  and  re- 

covers its  colour.*  This  change  of  colour  in  substances  dyed  with 
Prussian  blue  in  solar  light,  arises  from  a  peculiar  decomposition ; 
the  recovery  of  the  colour  is  owing  to  the  formation  of  the  so-called 
basic  Prussian  blue. 
Ferrocya-  1818.  When  concentrated  solutions  of  the  salts  of  baryta,  strontia, 
nurets  with  lime,  magnesia,  protoxide  of  iron,  protoxide  of  manganese,  copper, 
v  &c.,  are  added  to  a  solution  of  the  ferrocyanurets  of  potassium,  white 

bulky,  frequently  crystalline,  precipitates  are  formed,  which  arise 
from  the  replacement  of  1  eq.  of  potassium  by  1  eq.  of  the  other 
metal.  These  double  ferrocyanurets  which  contain  an  alkaline  me- 
tal, although  with  difficulty,  are  nevertheless  soluble  in  water;  they 
contain  water  of  crystallization  ;  when  dried  at  a  high  temperature 
they  glow  with  a  brilliant  light,  and  cyanate  of  potassa  is  formed.t 
Ferrocya-  1819*  Ferrocyanuret  of  Potassium  and  Iron  is  obtained  in  the 
po-  form  of  a  bluish-white  precipitate  when  a  salt  of  the  protoxide  of  iron 
is  added  to  a  solution  of  the  ferrocyanuret  of  potassium.  By  the 
lron'  action  of  chlorine  or  nitric  acid  3  eq.  of  potassium  and  1  eq.  of  iron 
are  removed  from  3  eq.  of  the  compound ;  Prussian  blue  is  left.  Ex- 
posed to  the  air  it  absorbs  oxygen  and  becomes  blue ;  when  washed, 
the  ferrocyanuret  of  potassium  is  dissolved,  and  after  all  soluble 
salts  are  removed  the  following  compound  is  left. 

*  Chevreul.  t  Campbell. 
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1820.  Basic  Sesqui-ferroeyanurtt  of  Iron.    By  continued  washing  Sect,  m. 
the  preceding  salt  dissolves,  without  leaving  any  residue  of  oxide  of  Basic  set- 
iron,  to  a  beautiful  deep  blue  solution,  which  may  be  again  evnpo-  JJjj^^Jf** 
rated  to  dryness  without  decomposition.    The  addition  of  any  salt  jron. 
causes  the  separation  of  the  compound  ;  the  precipitate  may  be  re- 
dissolved  in  pure  water,  and  is  not  thrown  down  by  alcohol.*  The 
formation  of  this  soluble  salt  is  prevented  by  the  presence  of  a  strong 
acid,  which  unites  with  the  peroxide  of  iron,  and  Prussian  blue  is 
left. 

1921.  Ferrocyanurtt  of  Potassium — Sesquiferrocyanuret  of  Iron.  Ferrocye- 
The  blue  precipitate  which  falls  when  a  salt  of  the  peroxide  of  iron  [^Vum  P° 
is  added  to  a  solution  of  ferrocyanuret  of  potassium,  always  contains, 

when  the  iron  salt  is  in  excess,  variable  quantities  of  the  ferrocyanu- 
ret of  potassium;  the  latter  may,  by  continued  washing  with  water, 
gradually,  although  with  great  difficulty,  be  removed,  which  ac- 
counts for  the  constant  presence  of  potassium  in  the  Prussian  blue  of 
commerce ;  it  varies  from  2  to  9  per  cent.t 

1922.  Ferrocyanuret  of  Potassium — Ferrocyanuret  of  Zinc,  is  ob-  Ferrocya- 
tained  by  precipitating  any  salt  of  zinc,  which  is  free  frotn  iron,  by  nuretof 
ferrocyanuret  of  potassium,  and  then  washing  and  drying  the  preci-,lnc* 
pitate.    It  is  a  white,  tasteless  powder,  is  insoluble  in  dilute  acids, 

and  contains  2  eq.  of  ferrocyanogen,  1  eq.  potassium,  3  eq.  of  zinc, 

and  12  eq.  of  water  =  2Cfy  +  j  gZn  j  +12  aq.     A  blue  tini 

shows  the  presence  of  Prussian  blue.    It  is  used  in  medicine. 

1923.  Ferrid-cyanogen.  By  treating  a  solution  of  ferrocyanuret  Ferrideya- 
of  potassium  with  chlorine  a  new  compound  of  potassium  is  formed,  DO*en* 

the  radical  of  which  contains  twice  as  much  cyanogen  and  iron  as 
exists  in  ferrocyanogen.  It  may  be  called  ferrid-cyanogen  ;  it 
unites  with  3  eq.  of  hydrogen  and  forms  a  tribasic  acid. 

It*  formula  is  6Cv+2Fe  ;  eymb.=Cfdy  j  eq.=214.34. 

The  formula  or  bydro-ferridcyanic  acid  is  -  Cfdy  +  3H 

ferridcyanuret  of  potassium    -         -  Cfdy  +  3K 

ferridcyanuret  of  iron  (Prussian  blue)  Cfdy  +  3Fo 

1824.  Hydro-ferridcyanic  Acid  unites  with  metallic  oxides,  form-  Hydro-fax 
ing  water  and  a  metallic  ferridcyanuret;  of  these  the  compounds 
with  the  metals  of  the  alkaline  earths,  as  also  that  corresponding  to  metallic 
the  peroxide  of  iron,  are  soluble  in  water;  all  others  are  insoluble 

•Two  eq.  ferrocyanuret  of  potassium  and  imn  contain  I  eq.  of  ferrocyanuret  of  po- 
tassium and  3  eq.  of  ferrocyanuret  of  iron  (6Fe+3Cfy) ;  of  these  6  eq.  of  iron,  2  are 
converted  ioto  peroxide  by  tne  absorption  of  oxygen,  and  the  ferrocyanuret  of  potassi- 
um \%  dissolved;  so  that  the  soluble  blue  compound  mutt  be  represented  by  the 

formula  j  2p'*Q3  j  +  3  Cfy,  which  corresponds  to  a  compound  of  1  eq.  of  Prussian 

blue  and  1  eq.  of  peroxide  of  iron. 

T  If,  instead  of  the  salt  of  peroxide  of  iron,  the  ferrocyanuret  of  potassium  be  in  ex- 
cess, the  precipitate  is  likewise  blue,  but  it  is  a  mixture  of  Prussian  blue  with  a  com- 
paoud  composed  of  Prussian  blue  and  ferrocyanuret  of  potasssium  eq.  to  eq.  aCfy-f 

K**  (  •   0°  washing,  the  latter  is  dissolved,  giving  a  deep  blue  solution,  which  may 

he  evaporated  without  decomposition,  wheu  it  is  obtained  as  a  deep  blue  mass  pos- 
sessed of  a  strong  lustre.  It  is  precipitated  by  the  addition  of  a  salt  to  its  solution, 
without  however  losing  its  solubility  in  pure  water  j  it  is  distinguished  from  the  solu- 
Us  bask  Prussian  blue  by  being  precipitated  from  its  solution  by  alcohol. 
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c**p»  Yh  iQ  water.  The  latter  may  be  prepared  by  the  mutual  decompoaitioa 
of  a  soluble  ferridcyanuret  and  the  corresponding  metallic  salt. 
*nMy.  1825.  Ferridcyanuret  of  Potassium.  K,Cfdy;  eq=331  79.  Dis- 
covered by  L.  Gmelin,  is  prepared  by  passing  a  stream  of  chlonne 
gas  through  a  solution  of  ferrocyanuret  of  potassium,  until  it  do 
longer  gives  a  blue  precipitate  with  salts  of  the  peroxide  of  iron  ;  the 
solution  is  then  evaporated,  and  the  crystals  obtained  by  cooling  pu- 
rified from  the  admixture  of  chloride  of  potassium  by  re-crystalli2t- 
tion.* 

1826.  They  are  transparent  right  rhombic  prisms  of  a  red  colour 
and  high  lustre,  anhydrous,  permanent  in  the  air,  and  soluble  in  3.8 
parts  of  cold,  but  more  freely  in  hot  water ;  burn  when  held  in  the 
flame  of  a  candle  with  brilliant  scintillations ;  heated  in  close  Tea- 
sels, cyanogen  and  nitrogen  gases  are  evolved,  a  mixture  of  carburet 
of  iron  and  ferrocyanuret  of  potassium  is  the  residue.  The  aqueous 
solution  is  decomposed  by  hydrochloric  or  sulphuric  acid  ;  in  the  last 
case,  sulphur  and  cyanuret  of  iron  are  precipitated,  and  ferrocyanu- 
ret of  potassium  and  prussic  acid  are  formed.  It  is  one  of  the  most 
delicate  tests  for  the  protoxide  of  iron,  with  which  it  forms  a  precipi- 
tate similar  to  Prussian  blue :  peroxide  of  iron  is  not  precipitated. 
Ferrid-cya-  1827.  Ferridcyanuret  of  Iron.  This  compound  is  likewise  sold 
in  commerce  as  Prussian  blue,  but  it  is  of  a  lighter  colour  and  differs 


from  it  altogether  in  constitution.  It  is  prepared  by  precipitating 
a  solution  of  the  protosulphate  of  iron  by  ferridcyanuret  of  potassium, 
or  by  a  mixture  of  ferrocyanuret  of  potassium  and  hypochlorite  ot 
soda,  to  which  a  certain  quantity  of  hydrochloric  acid  has  been  ad- 
ded.  In  this  kind  of  Prussian  blue  the  three  equivalents  of  pot 
urn  of  the  ferridcyanuret  of  potassium  are  replaced  by  3  eq.  of  it 
Turatmll's      1828.  The  peculiarly  beautiful  Prussian  blue  sold  in  comra 

under  the  name  of  Turnbull's  blue,  is  the  ferridcyanuret  of  iron  ;  tt 
is  easily  recognised  by  its  action  ou  ferrocyanuret  of  potassium,  for 
being  boiled  in  a  solution  of  the  latter  it  is  decomposed  into  ferrid- 
cyanuret of  potassium,  which  is  dissolved,  and  into  an  insoluble  gray 
residue  of  ferrocyanuret  of  iron  and  ferrocyanuret  of  potassium. t 
1829.  According  to  Berzelius,  the  cyanurets  form,  by  uniting  with 
turn  of  the  each  other,  double  compounds  similar  to  the  double  salts,  which  are 
reused"-  produced  by  the  oxacids ;  in  these  compounds,  therefore,  1  eq.  of 
ding  to      cyanuret  of  iron  is  united  with  2  eq.  of  another  cyanuret,  the  cocso- 
Berzelius,  tution  being  such,  if  the  metals  be  considered  united  with  oxygen,  as 
would  be  expressed  by  saying  that  the  oxygen  in  the  protoxide  of 
iron  is  equal  to  one  half  that  in  the  other  metallic  oxides. 
According      1830.  According  to  Graham,  the  ferrocyanurets  are  formed  from  a 
to  Graham,  pjpjjjg  aC|dt  tne  eq.  of  which  is  triple  of  that  of  the  hydrocyanic 
acid  ;   it  contains  3  eq.  of  cyanogen,  which  constitutes  a  radical 
called  prussine  in  combination  with  3  eq.  of  hydrogen.    This  acid  is 
accordingly  a  tribasic  hydracid  corresponding  to  the  cyanuric  aod. 
in  uniting  with  a  metallic  oxide  three  eq.  of  hydrogen  are 
by  their  eq.  of  the  metals. 


•  Its  formation  is  owing  to  the  decomposition  of  2  eq.  of  ferrocjenuret  of  pot»Mi: 
a  Cfy  +  4  K.  by  I.  eq.  of  chlorine  into  1  eq.  of  ferridcyanuret,  Cfdy  +  3  K,  and; 
of  chloride  of  potassium,  KCI. 

t  Cambelt.    For  Cobalio-Cyanurtts,  mc  T.  and  L.  Elem.  784. 


Digitized  by  Google 


Iodide  of  Cyanogen.  419 

1S31.  Chloride  of  Cyanogen.    Two  compounds  of  chlorine  with  s«ct.  hi. 
cyanogen  are  known,  and  these  are  isomeric  in  their  constitution.  Chloride  of 
The  one,  which  at  common  temperatures  is  gaseous,  was  discovered  Cyanogen, 
by  Gay-Lussac;  the  other,  which  is  a  crystalline  solid,  by  Serullas. 

1832.  Gaseous  Chloride  of  Cyanogen,  CyCl  ?  is  formed  when  Gaeeouf 
chlorine  gas  is  transmitted  into  hydrated  prussic  acid,  when  moist  £iJ^"jlj!nof 
bicyanuret  is  placed  in  an  atmosphere  of  chlorine  in  the  dark,  or 

when  mellon  is  heated  in  dry  chlorine  gas. 

1833.  This  compound,  which  is  gaseous  at  common  temperatures,  P">parti«« 
has  a  most  powerful  penetrating  odour,  excites  the  eyes  to  a  copioua 

flow  of  tears,  becomes  solid  at  0°,  and  forms  long  acicular  needles, 
which  fuse  at  5°  and  boil  at  10°;  but,  under  a  pressure  of  four  at- 
mospheres, it  is  still  liquid  at  70.°  If  the  liquid  be  introduced  into 
glass  tubes  and  hermetically  sealed,  it  is  gradually  converted  into 
the  solid  chloride,  and  regular  crystals  of  the  following  compound 
are  obtained. 

1834.  Water  dissolves  25,  alcohol  100,  and  ether  50  times  its  vo-  Actionf{ 
lume  of  the  gas  without  change.    It  is  decomposed  by  the  alkalies  ;  w*ter» 
salts  of  the  protoxide  of  iron  are  rendered  of  a  deep  green  colour 

when  an  alkali  is  added  to  the  mixture. 

1835.  If  moistened  bicyanuret  of  mercury  in  chlorine  gas  be  ex-  OHifhi. 
posed  to  solar  light,  a  heavy  oily  liquid  of  a  yellow  colour  is  formed, 
which  is  insoluble  in  water,  and  has  the  same  odour  as  the  gaseous 
chloride  ;  the  same  substance  appears  to  be  formed  by  the  action  of 
chlorine  upon  the  fulminate  of  silver.    If  it  be  dissolved  in  alcohol. 

and  its  solution  thrown  into  water,  a  crystalline  substance  like  cam- 
phor is  precipitated  ;  on  exposing  a  mixture  of  moist  chlorine  and 
chloride  of  cyanogen  gases  to  the  sun's  rays,  two  other  solid  com- 
pounds appear  to  be  formed. 

1836.  Solid  Chloride  of  Cyanogen.    Discovered  by  Serullas.    It  Solid  Jh,°" 
is  formed  by  exposing  dry  chlorine  gas  and  anhydrous  hydrocyanic  r  4 
acid  to  the  sun's  light;  hydrochloric  acid  and  the  solid  chloride, 
which  is  deposited  in  crystals,  are  formed.    It  may  also  be  formed 
by  healing  sulphocyanuret  of  potassium  in  a  stream  of  dry  chlorine 
gas. 

1837.  In  the  pure  state  it  is  white,  sublimes  in  long  transparent 
crystals,  has  a  penetrating  odour  similar  to  the  excrement  of  mice, 
and  a  sweet  biting  taste;  its  sp.  gr.---1.32  ;  fuses  at  284°,  sublimes 
at  374°.  By  digestion  in  water  at  a  gentle  heat,  it  is  decomposed 
into  cyanuric  and  hydrochloric  acids,  from  which  its  constitution 
must  be  represented  by  the  formula  Cy,Cl,.  It  is  soluble  in  absolute 
alcohol  and  ether  without  decomposition. 

1838.  Iodide  of  Cyanogen.  Cyl.  Formed  by  heating  dry  cyanuret  l«xi>de  of 
of  mercury  or  silver  with  iodine;*  most  conveniently  by  heating  a  c3ranol'n* 
mixture  of  bicyanuret  of  mercury,  iodine,  and  water,  in  a  Tetort.t 

when  at  a  gentle  temperature  the  iodide  sublimes,  and  collects  in 
the  neck  of  the  retort  as  a  fine  crystalline  snow,  or  in  long  needles. 
The  crystals  have  a  penetrating  odour,  which  excites  a  flow  of  tears, 
may  be  dissolved  in  alcohol,  ether,  and  water  without  decomposition, 
an<f  are  perfectly  volatilized  at  100°. 

♦Waaler.  t  Miticherlich. 
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Chap,  vi.      1839.  Cyanogen  and  Sulphur. —  Sulpho-cyanogen,  Bitulphuret  of 
Cyanogen   Cyanogen.  Cy-|-2S,  Symb.=Csy  ;  eq.=58.59.  Discovered  by  Lie- 
and  suT-     big.   Prepared  by  saturating  a  concentrated  solution  of  a  metallic  sul- 
p  ur'        phocyanuret  with  chlorine,  or  by  heating  it  with  nitric  acid  ;  it  falls  in 
the  form  of  a  deep  yellow,  amorphous  powder,  which  retains  its  colour 
when  dry  ;  is  light,  porous;  is  insoluble  in  water,  alcohol,  and  ether, 
but  is  dissolved  by  strong  sulphuric  acid  from  which  it  is  precipitated 
by  water.  It  is  decomposed  by  nitric  acid  and  by  potassium  with  the  aid 
of  heat,  giving  rise  to  the  formation  of  the  sulphuret,  cyanuret,  and 
sulphocyanuret  of  potassium.    Its  decomposition  by  the  action  of 
heal  is  peculiarly  remarkable,  the  products  of  its  destructive  distilla- 
tion being  sulphuret  of  carbon,  sulphur,  and  the  residue  meilon, 
which  at  a  high  temperature  is  decomposed  into  nitrogen  and  cyano- 
gen gases. 

Hrdro-tui-     1940.  Hydro-sulphocyanic  Acid.    Csy-|-H,  eq.  59.53.  Discover- 

acid^*1"0  et^  kv  R»nk-  Occurs  in  the  seeds  and  blossoms  of  the  Cruciferae  (Se- 

BC1  *        napis,  &c.),  and  in  the  saliva  of  man  and  sheep. 

Obtainad.  1841.  By  decomposing  the  basic  sulphocyanuret  of  lead  by  dilute 
sulphuric  acid,  care  being  taken  to  leave  some  lead  in  the  solution, 
which  is  afterwards  separated  by  hydrosulphuric  acid  gas;  or  by 
decomposing  sulphocyanuret  of  silver  in  10  volumes  of  water  by  the 
same  gas. 

Properties.      1842.  A  colourless  fluid  of  a  pure  acid  taste,  which  by  the  action 
of  the  air,  and  on  being  heated,  readily  decomposes  into  a  variety  of 
products ;  one  of  these  deposits  itself  from  the  acid  as  a  lemon-yel- 
low, in  water  insoluble,  powder.    It  cannot  exist  without  water  ;  on 
treating  the  aqueous  acid  with  chlorine  or  nitric  acid,  it  is  deprived 
of  hydrogen,  and  sulpho-cyanogen  is  precipitated :  by  a  further  ac- 
tion cyanic  and  sulphuric  acids  are  formed,  but  the  former  is  at  once 
decomposed  into  carbonic  acid  and  ammonia.    It  colours  the  salts  of 
peroxide  of  iron  blood-red,  and  is  not  poisonous. 
Sulpbocj-      1843.  Hydro-sulphocyanic  Acid  and  Ammonia—  Sulphocyanuret  of 
Ammonium.    NH4-f-CyS9;  eq.=7574.    By  saturating  the  acid 
with  ammonia  and  gently  evaporating,  a  semi-fluid  saline  mass  is 
obtained,  which,  at  a  higher  temperature,  suffers  a  peculiar  decom- 
position.   At  first,  amraoniacal  gas  is  evolved,  then  sulphuret  of 
carbon,  and  at  last  the  protosulphuret  of  ammonium  is  sublimed. 
The  residue,  when  the  heat  has  not  been  driven  too  far,  consists  of 
melam,  or  of  a  mixture  of  melam  with  meilon. 

Sulphocyanuret  of  ammonium  is  also  formed  by  adding  sulphuret 
of  carbon  to  alcohol,  which  has  been  saturated  with  ammonia. 
Metallic  1844.  Metallic  sulphocyanurets.  The  hydro-sulphocyanic  acid 
ftulphocya-  must  be  considered  as  a  compound  analogous  in  its  constitution  to 
the  hydrated  cyanic  acid,  the  oxygen  of  the  latter  having  beea 
replaced  by  its  equivalent  of  sulphur.  Considered  as  a  hydracid, 
the  formula  of  the  hydrated  cyanic  acid  would  be 

CyOa+H,  corresponding  to  that  of  the  hydro-sulpho- 
cyanic acid,  CySa-j-H. 

On  its  being  brought  into  contact  with  the  metallic  oxides,  the 
hydrogen  is  replaced  by  1  eq.  of  the  metal.  The  soluble  metallic 
sulphocyanuret  may  be  formed  : — by  the  action  of  the  acid  on  the 
metallic  oxide,  by  heating  the  higher  sulphurets  of  the  alkaline 
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tals  to  redness  in  cyanogen  gas,  or  by  conducting  cyanogen  gas  into  hl 
their  solution,  by  heating  or  fusing  the  soluble  metallic  cyanurets 
with  sulphur,  or  the  insoluble  cyanurets  with  the  soluble  sulphuret. 

1845.  The  soluble  metallic  sulphocyanurets  colour  the  salts  °f  ^J^y^ 
peroxide  of  iron  blood-red ;  are  decomposed,  when  heated  in  dry  me'aMc* 
hydrochloric  acid  gas,  into  metallic  chlorides  and  anhydrous  hydro-  sulphocya- 
sulphocyanic  acid,  but  the  latter  instantly  decomposes  into  other  pro- liureu- 
ducts.    The  sulphocyanurets  of  the  alkaline  metals,  when  dry,  bear 

a  strong  heat  without  decomposition,  but,  if  oxygen  be  present,  they 
are  converted,  with  the  evolution  of  sulphurous  acid,  into  salts  of 
cyanic  and  sulphuric  acids ;  those  of  the  heavy  metals  are  decom- 
posed by  the  red  heat  into  mixtures  of  metallic  sulphurets  and  mel- 
lon,  this  change  being  generally  accompanied  by  the  evolution  of 
sulphuret  of  carbon  and  sulphur ;  at  a  higher  temperature  the  resi- 
due evolves  cyanogen  and  nitrogen  gases  in  the  proportion  of  3  :  1. 
Heated  to  redness  in  chlorine  gas,  they  give  rise  to  metallic  chlo-  ^joHne^ 
rides,  mellon,  chlorides  of  sulphur  and  cyanogen,  and  a  small  quan-  c  or,n*' 
tity  of  the  sulphuret  sublimes  unchanged ;  they  are  most  of  them 
soluble  in  alcohol.  The  proto-salts  of  mercury  are  decomposed  by 
the  soluble  sulphocyanurets  into  metallic  mercury  which  is  deposi- 
ted, and  into  the  soluble  bisulphocyanuret.  All  the  soluble  sulpho- 
cyanurets form  with  the  bicyanuret  of  mercury  double  compounds, 
which  are  readily  obtained  in  crystals. 

1846.  Sulphocyanuret  of  Potassium  KCsy ;  eq.  97.74.  Fer-  ^JPthJJp'* 
rocyanuret  of  potassium,  gently  roasted  to  drive  off  water  of  crystal-11 
lization,  is  mixed  in  the  form  of  a  fine  powder  with  half  its  weight 
of  flowers  of  sulphur,  and  the  mixture  fused  in  an  iron  vessel  at  a 
low  red  heat,  until  the  bubbles  of  gas  which  escape  through  the 
melted  mass  inflame  in  the  air  and  burn  with  a  red  light.  The  mass 
when  cold  is  dissolved  in  boiling  water,  and  treated  with  a  solution 
of  carbonate  of  potassa  as  long  as  a  turbidity  is  produced  ;  the  whole 
is  then  boiled  for  a  quarter  of  an  hour,  and  the  clear  liquid  separated 
from  the  precipitated  iron  by  filtration.  On  evaporation  crystals  are 
obtained,  which  are  separated  from  the  admixture  of  carbonate  of 
potassa  by  being  re-dissolved  in  alcohol. 

1S47.  Crystallizes  in  long  striated  colourless  prisms,  which  are 
anhydrous,  of  a  cooling,  somewhat  biting  taste,  fuse  much  below  the 
red  heat  to  a  clear  liquid  ;  deliquesces  in  a  moist  atmosphere,  very 
soluble  in  hot  alcohol,  from  which  it  crystallizes  on  cooling.* 

1848.  Cyanogen  and  Water.    A  solution  of  cyanogen  in  water  Products  of 
acquires  rapidly  in  the  light,  but  more  slowly  in  the  dark,  a  brown  [jogiJ^^f 
colour,  and  a  brown  flocculent  precipitate  falls  ;  the  solution  is  then  cyanogen 
found  to  contain  carbonic  acid,  prussic  acid,  ammonia,  urea,  and  ox-andils 
alate  of  ammonia.t  pounds. 

1849.  The  different  products,  which  arise  from  the  reaction  of  cyanogen 
cyauogen  and  water,  are  without  doubt  the  results  of  several  perfectly  »«d  water, 
independent  decompositions.    One  eq.  of  cyanogen  and  3  eq-  water 
contain  the  elements  of  1  eq.  of  anhydrous  oxalate  of  ammonia  ;  2 

eq.  cyanogen  and  1  eq.  water,  the  elements  of  1  eq.  of  cyanic  and  1 
eq.  of  hydrocyanic  acid.    Carbonate  of  ammonia  is  formed  from  the 

_  —  . — .  . 

•  For  othera,  sec  T.  and  L.  794.  t  Wohler. 
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Cyanoeen 
and  ammo- 


n.  decomposition  of  cyanic  acid,  and  three  equivalents  of  water  ; 
by  the  union  of  cyanic  acid  with  ammonia  and  water. 

1850.  Cyanogen  and  Ammonia.  If  cyanogen  gas  be  conducted 
into  liquid  ammonia,  a  decomposition  similar  to  that  produced  by 
water  ensues,  but  in  a  much  shorter  time.  A  large  quantity  of  a 
brown  substance,  which  contains  ammonia  in  chemical  combination, 
is  deposited. 

By  heating  this  brown  precipitate  to  redness,  paracyanogen,  water, 
and  carbonate  of  ammonia  are  obtained ;  this  decomposition  is  rea- 
dily explained,  when  it  is  considered  that  this  product  may  be  con* 
sidered  as  a  compound  of  cyanogen  (C4N9)  with  ammonia  and  cyanic 
acid  ;  the  latter  of  which,  by  decomposing  with  3  eq.  water,  forms  2 
eq.  of  carbonic  acid  and  1  eq.  of  ammonia. 
Paracyan-      1851.  Paracyanogen.     Discovered  by  Johnston.     Formed  by 
°6*en'        heating  to  redness  the  brown  precipitate  fonned  by  the  decomposi- 
tion of  cyanogen  with  water  or  ammonia  ;  left  in  small  quantity  on 
decomposing  bicyanuret  of  mercury  in  a  retort  by  heat.* 
Cyanilic        1852.  Cyanilic  Acid.    By  a  long-continued  boiling  of  mellon  in 
'        dilute  nitric  acid,  a  solution  is  effected  with  the  evolution  of  gaseous 
products,  and  the  liquid  yields  on  evaporation  colourless, transparent, 
octohedral  crystals  ;  by  resolution  in  hot  water,  hydrated  cyanilic 
acid  in  soft  tabular  crystals  of  a  tnother-of-pearl  lustre  are  obtained. 
This  acid  has  the  same  composition  as  the  crystalline  cyanuric  acid ; 
contains,  like  the  latter,  4  eq.  water  of  crystallization,  which  it  loses 
at  212°,  when  it  becomes  opaque  and  falls  to  a  white  powder.  By 
the  destructive  distillation  it  is  converted  into  hydrated  cyanic  acid; 
by  solution  in  sulphuric  acid  and  caustic  potassa  into  cyanuric  acid. 
Cyanogen      1853.  Cyanogen  and  Hydrosulphuric .  Acid.     Cy3S8H«  -f-  aq. 
and  hydro-  Two  compounds  of  cyanogen  and  hydrosulphuric  acid  are  known, 
acid. UMC   neither  of  which  are  formed  when  the  gases  are  mixed  in  a  dry  state, 
but  are  generated  by  the  direct  combination  of  the  gases  when  water 
is  present.    The  one  discovered  by  Gay-Lussac  is  obtained  by  mix- 
ing one  volume  of  cyanogen  with  one  and  a  half  volume  of  sulphu- 
retted hydrogen,  a  small  quantity  of  water  being  present ;  both  the 
gases  are  absorbed  by  the  water,  and  on  evaporation  it  deposits  long 
yellow  acicular  crystals,  a  solution  of  which  is  not  precipitated  by 
salts  of  lead.    The  other  compound  was  discovered  by  Wohler. 

It  is  prepared  by  conducting  sulphuretted  hydrogen  into  a  saturated  solution  of 
cyanogen  in  alcohol,  by  which  the  latter  is  rendered  yellow,  and  on  being  artifi- 
cially cooled  deposits  this  compound  of  cyanogen  and  sulphuretted  hydrogen  in 
bright  orange-red  crystals. 

1854.  Insoluble  in  cold,  slightly  soluble  in  boiling  water.  Very 
soluble  in  hot  alcohol,  from  which  it  may  again  be  obtained  in  crys- 
tals; soluble  by  alkalies  in  the  cold,  and  precipitated  unchanged  from 
the  solution  by  acids ;  but  on  the  application  of  heat  a  mixture  of  a 
metallic  sulpburet  and  a  snlphocyanuret  is  formed  ;  its  solution  pre- 
cipitates salts  of  silver,  lead,  and  copper. 
Hydrosul-      1855-  Hydro-sulphocyanic  Acid  and  Hydrosulphuric  Acid.  Dis- 
phocyanic  covered  by  Zeise.    Prepared  by  saturating  1  volume  of  absolute 
hydrosd-   a,cono1  al  lne  temperature  of  50°  with  ammoniacal  gas,  and  adding 
phuricacid.  

•For  products  of  the  decomposition  of  sulphocyanogen,  mellon  (1726),  hydro roello- 
nic  acid,  dec.  see  T.  and  L.  E'e  n.  796. 
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to  the  solution  a  mixture  of  0.16  vol.  of  bisulphuret  of  carbon,  and  Sect,  iv. 
0.4  vol.  of  alcohol ;  the  whole  should  be  placed  in  a  well-stopped 
glass  vessel,  which  is  kept  perfectly  full  at  the  temperature  of  60°. 
Two  products  are  thus  produced,  of  which  the  one  is  a  compound  of 
ammonia  with  an  acid  formed  of  sulphurel  of  carbon  and  sulphuret- 
ted hydrogen;  this  ammoniacal  salt  separates  in  the  course  of  some 
hours  as  a  crystalline  deposit,  and  the  residual  liquid  contains  ano- 
ther ammoniacal  salt,  the  acid  of  which  may  be  considered  as  a 
compound  of  hydro-sulphocyanic  acid  and  hydro-sulphuric  acid. 


Section  IV.    Hypothetical  Compounds  of  Cyanogen  and  Carbonic 

Oxide. 

1856.  Under  these  compounds  the  uric  acid  and  the  products  of  H[PJthfli" 
its  decomposition  are  described.    These  substances  are  distinctly  prods  of 
separated  from  all  known  bodies  by  their  chemical  relations  ;  an  cyanogen 
explanation  of  their  formation  can  only  be  developed  by  making  cer-  JJ^JSJe," 
tain  hypotheses,  of  which  the  assumption  that  they  contain  cyanogen 
and  carbonic  oxide  is  a  deduction  drawn  from  their  analyses.  The 
compounds  belonging  to  this  group  are  uril,  uric  acid,  alloxan,  al- 
loxantin,  and  uramil.    (Liebig,  804.) 

1867.  The  uril,  or  urilic  acid,  which  may  from  its  composition  be  Uril- 
also  called  the  cyan-oxalic  acid,  is  an  hypothetical  compound  of  ni- 
trogen, carbon,  and  oxygen,  according  to  the  formula  C8N804 ;  it 
may  be  considered  as  a  compound  of  cyanogen  and  carbonic  oxide 
2Cy-j-4CO,  or  as  oxalic  acid,  in  which  the  oxygen  which  unites  with 
the  radical,  carbonic  oxide,  has  been  replaced  by  its  eq.  of  cyanogen. 

C3Oa  -\-0         .       .       .       Oxalic  acid. 

2(C20,-j-Cy)       .       .       .       Cyan-oxalic  acid. 

If  this  acid  be  represented  by  the  symbol  Ul,  the  compounds  are 

represented  by  the  formula : 

Rational  formula  Empirical  formula. 

2UH-1  eq.  urea      .  =Uric  acid  =       C10N4  H t  (> 

2Ul+OH-4aq.  =  Alloxan  .       =       <    \   1 1 ,  Oip 

2U1+ O  +5  aq.  =Alloxantin  .       =      Gt  Na  Hs  Ow 

2UI+1  eq.  amm.H-2  aq.  =Uramil  .      =       <    N  H  <  > 

1858.  Uric  Acid.  C!0N4H«O6,  or  2  U1+(CA+2NH8).  Discover-  Uric  acid, 
ed  by  Scheele  ;  first  pointed  out  as  existing  iti  the  excrement  of  snakes 

by  Vauquelin,  in  the  excrement  of  silkworms  by  Brugnatelli,  and  in 
cantharides  byRobiquet.  Is  a  product  of  secretion  of  all  carnivorous 
animals,  of  birds,  and  of  many  insects  ;  is  deposited  from  human 
urine  generally  in  combination  with  ammonia,  as  it  cools,  as  a  yellow 
or  brownish  powder ;  the  stone-like  concretions  in  the  joints  of  persons 
labouring  under  gout  contain  uric  acid  in  combination  with  soda 
or  ammonia  ;  it  is  the  basis  of  most  calcareous  deposits  in  the  hu- 
man bladder.  The  semi-fluid  urine  of  serpents  and  birds  is  princi- 
pally composed  of  urate  of  ammonia.  The  guano  (the  decomposed  Guano, 
excrement  of  aquatic  birds,  which  covers  the  surface  of  many  of  the 
smaller  islands  of  the  South  Sea,  and  is  used  as  manure,)  is  also 
composed  in  greater  part  of  urate  of  ammonia. 

1859.  Urinary  calculi,  or  the  white  chalk-like  excrement  of  ser-  Process. 
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pents,  is  reduced  to  a  fine  powder  and  dissolved  in  a  solution  of 
caustic  potassa  by  boiling ;  the  solution  is  treated  with  hydrochloric 
acid  in  excess,  boiled  for  one  quarter  of  an  hour,  and  the  precipitate 
well  washed.  It  is  obtained  perfectly  pure  by  decomposing  a  satu- 
rated boiling  solution  of  urate  of  potassa  by  hydrochloric  acid. 

1860.  Crystallizes  in  fine  scales  of  a  brilliant  white  colour  and 
silky  lustre,  is  tasteless  and  inodorous,  heavier  than  water,  almost  in- 
soluble in  cold,  slightly  soluble,  in  small  quantity,  in  boiling  water; 
the  solution  reddens  feebly  the  vegetable  colours.  It  is  dissolved  by 
concentrated  sulphuric  acid,  from  which  it  is  precipitated  by  water; 
in  strong  hydrochloric  acid,  it  is  somewhat  more  soluble  than  in  pare 
water. 

1861.  Exposed  to  the  destructive  distillation,  the  products  of  the 
decomposition  of  urea  are  obtained,  namely,  urea,  cyanuric  acid,  and 
cyamelid  (the  insoluble  cyanuric  acid) ;  also,  hydrocyanic  acid,  a 
litle  carbonate  of  ammonia,  and,  as  a  residue,  a  brown  carbonaceous 
substance  which  is  rich  in  nitrogen.  In  this  decomposition  the  hy- 
drated  cyanic  acid  in  combination  with  ammonia  is  deposited  in  the 
neck  of  the  retort  as  urea ;  the  cyamelid  dissolved  in  potassa  forms 
cyanurale  of  potassa. 

1862.  Dissolves  in  dilute  nitric  acid  with  the  evolution  of  equal 
volumes  of  pure  carbonic  acid  and  nitrogen ;  the  solution  contains 
alloxan,  alloxantin,  parabanic  acid,  and  ammonia ;  evaporated  and 
treated  with  ammonia  in  excess,  it  acquires  a  purple-red  colour,  a 
test  by  which  uric  acid  may  be  recognised.  Fused  with  hydrate  of  po- 
tassa, carbonic  acid,  and  cyanate  of  potassa,  and  cyanuret  of  potassium 
are  obtained  ;  boiled  with  peroxide  of  lead  in  water,  it  is  decomposed 
into  allantoin  and  oxalic  acid,  and  urea  is  separated.  Is  insoluble 
in  ether  and  alcohol.  With  sulphuric  acid  it  forms  a  crystalline 
compound.* 

1863.  Uric  Acid  and  the  Metallic  Oxides.  The  uric  acid  appears 
to  unite  with  the  metallic  oxides  without,  as  in  the  other  acids,  the 
separation  of  an  eq.  of  water;  its  salts,  with  the  fixed  alkalies  and 
alkaline  earths,  are  sparingly  dissolved  by  cold,  but  more  freely  by 
boiling  water ;  with  ammonia  and  the  other  oxides,  insoluble  com- 
pounds, generally  of  a  white  colour,  are  formed.  All  urates  are  de- 
composed by  other  acids,  even  by  acetic  acid  ;  the  uric  acid  is  at  first 
separated  as  a  bulky  gelatinous  mass,  but  it  shortly  afterwards  chan- 
ges into  a  fine  crystalline  powder. 

1864.  Urate  of  Potassa.  Impure  urate  of  ammonia  (the  excre- 
ment of  serpents)  is  dissolved  by  boiling  in  a  dilute  solution  of  caus- 
tic potassa ;  and  the  clear  liquid,  obtained  by  separating  the  insolu- 
ble portions  by  filtration,  is  evaporated.  On  cooling,  the  urate  of 
potassa  separates  as  a  white  crystalline  mass,  which,  when  washed 
by  cold  water  and  dried,  yields  a  powder  composed  of  fine  acicuJar 
crystals  of  a  silky  lustre;  these  crystals  are  very  sparingly  soluble  in 
cold  water,  and  the  alkaline  reaction  is  scarcely  perceptible.  Uric 
acid  is  more  soluble  in  carbonate  of  potassa  than  in  pure  water;  and 
one  half  of  the  carbonate  is  decomposed. 

1865.  Urate  of  Soda.  The  action  of  uric  acid  upon  pure  and 
carbonate  of  soda  is  the  same  as  above  described  for  potassa ;  this 


*  Fnuiche. 
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salt  may  also  be  formed  by  boiling  uric  acid  in  a  solution  of  borax ;  stt.  iv. 

it  is  the  principal  constituent  of  gouty  concretions.4' 

1866.  Allantoin.  Frequently  called  allantoic  acid.    Occurs  ready  Allantoin. 

formed  in  the  allantoic  fluid  of  the  cow  ;t  it  is  formed  when  uric  acid 

is  boiled  in  water  with  peroxide  of  lead  X 

One  part  of  uric  acid  is  boiled  in  20  parts  of  water,  and  recently  prepared  and 
well- washed  peroxide  of  lead  is  added  in  successive  portions  to  the  boiling  liquid 
as  long  as  its  colour  is  observed  to  change.  The  hot  liquid  should  be  filtered, 
and  evaporated  until  crystals  are  observed  to  form  upon  its  surface.  The  crvs- 
tals  which  have  deposited  when  the  solution  has  become  quite  cold,  are  purified 
by  recry  stall  ization.  Or  the  allantoic  fluid  of  the  cow  may  be  evaporated  to  one 
quarter  its  volume,  and  the  crystals  formed  on  cooling 


_  and  long  standing  are  pu- 
rified by  animal  charcoal. 

1S67.  Small  transparent  and  colourless  prisms  of  the  right  rhom- 
bic system,  which  have  a  glassy  lustre,  are  tasteless,  have  no  action 
on  vegetable  colours,  and  are  soluble  in  160  parts  of  cold,  but  more 
freely  in  hot  water.  It  is  soluble  in  nitric  acid,  and  is  decomposed 
by  it  when  the  solution  is  boiled  without  the  evolution  of  nitrous 
fumes.  Its  composition  is  such,  that  it  contains  the  elements  of  an- 
hydrous oxalate  of  ammonia  minus  3  eq.  water ;  this  explains  its  de- 
composition by  the  alkalies,  by  which  it  is  reduced  at  the  boiling 
heat  into  an  oxalate  and  ammonia. 

1668.  Gently  heated  in  concentrated  sulphuric  acid,  it  is  decora-  Action  of 
posed  into  carbonic  oxide,  carbonic  acid  and  ammonia  ;  but  if  a  strong  "u-?hijnct 
heal  be  rapidly  applied,  the  acid  is  blackened.    It  is  soluble  in  caus-  ' 
tic  aod  carbonated  alkalies  by  the  aid  of  a  gentle  heat,  and  may  be 
again  obtained  unchanged  by  crystallization.    A  solution  of  allan- 
toin in  hot  water,  to  which  a  little  ammonia  has  been  added,  pro- 
duces, with  the  nitrate  of  silver,  a  white  precipitate,  which  contains 
43.56  per  cent,  of  oxide  of  silver,  and  is  composed  as  represented  by 
the  formula,  C9N4HgOs-f-AgO  ;  it  consequently  contains  2  eq.  allan- 
toin, C„N4H,Ofc — 1  eq.  water,  HO-f-1  eq.  oxide  of  silver. 

1869.  In  the  decomposition  of  uric  acid  by  the  peroxide  of  lead,  2  eq.  of  oxy- 
gen derived  from  2  eq.  of  the  peroxide,  and  3  eq.  water,  attach  themsel  ves  to  the 
constituents  of  the  cyanoxalic  acid,  by  which  th«  latter  is  decomposed  inlo  2  eq. 
oxalic  acid  and  1  eq.  allantoin,  and  the  urea  is  set  free. 

C404+N2C4_  C  1  eq  cyanoxalic  acid  )     ,  •      -  . 

2PbO+     Q2+H3Oa-i  leg  urea   f  ~  1  e*  uriC  acm- 

2  eq.  oxalate  of  lead-fl  eq.  allantoin+1  eq.  I 

Its  formula  is  C    H  N .  O3,  or  2  Cy+3HO. 

1870.  Alloxan.    The  erythric  acid  of  Brugnaielli ;  rediscovered  aI 
by  Wohler  and  Liebig.    One  of  the  products  of  the  decomposition  of 
uric  acid  by  nitric  acid. 

One  part  of  dry  uric  acid  is  added  in  successive  portions  to  4  parts  of  pr0ce»»- 
nitric  acid  of  sp.  gr.  145  to  1.5,  by  which  it  is  dissolved  with  efferves- 
cence and  the  production  of  heat ;  the  production  of  a  high  temperature 
must  be  avoided  as  much  as  possible  by  artificial  cooling,  and  by  adding  the  uric 
acid  slowly.  Small  granular  crystals  of  a  strong  lustre  are  thus  formed,  and  by 
degrees  the  whole  liquid  is  converted  into  a  solid  mass.  This  should  then  be 
placed  in  a  glass  funnel ;  and  after  the  fluid  parts  have  thus  drained  off,  it  should 
be  spread  upon  a  porous  tils,  where  it  is  rendered  perfectly  dry.  It  is  purined 
by  solution  in  hot  water  and  recrystallization. 

1871.  On  the  cooling  of  a  warm  but  not  perfectly  saturated  sol  u«  Properties. 

*  Woliaston.        t  VBuquelin  and  Buniva.        f  Wools*  and  Lwb* . 
54 
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<?h«p  v'-  tion  of  alloxan,  it  is  obtained  in  large  colourless  and  transparent  crys- 
tals of  the  right  prismatic  system,  and  of  a  strong  adamantine  lustre; 
these  crystals  effloresce  rapidly,  losing  25  per  cent.  =6  eq.  water, 
and  are  converted  when  gently  warmed,  with  the  loss  of  water,  into 
anhydrous  alloxan.  If  a  hot  saturated  solution  be  allowed  to  crys- 
tallize in  a  warm  place,  anhydrous  alloxan  is  deposited  directly  from 
the  solution  in  oblique  prisms,  on  the  extremities  of  which  truncated 
rhomboidal  octohedrons  are  seen. 
Solubility.  1872.  It  is  very  soluble  in  water,  has  a  disagreeable  odour,  and  a 
slightly  saline  astringent  taste,  reddens  vegetable  colours,  and  causes 
a  purple  stain  on  the  skin.  Treated  with  alkalies,  alloxanic  acid  is 
formed  ;  but  on  boiling  it  is  decomposed  into  urea  and  mesoxalic 
acid.  -  Heated  with  peroxide  of  lead,  it  is  decomposed  into  urea  and 
carbonate  of  lead,  with  which  a  few  traces  of  oxalate  of  lead  are 
mixed. 

Aetion  of  1873.  When  brought  into  contact  with  zinc  and  hydrochloric  acid, 
zinc,  &c    with  chloride  of  zinc  or  sulphuretted  hydrogen,  alloxantin  is  produced ; 

it  is  decomposed  by  free  ammonia  into  mykomelinic  acid,  by  nitric 
acid  into  parabanic  acid,  by  sulphuric  and  hydrochloric  acids  into 
alloxantin,  by  sulphurous  acid  and  ammonia  iuto  thionurate  of  am- 
monia, with  alloxantin  and  ammonia  into  murexid.  With  a  proto- 
salt  of  iron  and  an  alkali,  it  forms  an  indigo-blue  solution.  Does  not 
unite  without  decomposition  with  the  metallic  oxides. 

Theory.  187<-  The  formation  of  alloxan  and  the  other  product*  which  arise  at  the  same 
time,  is  dependent  upon  two  perfectly  independent  decompositions;  namely, 
upon  the  conversion  of  cyanoxalic  acid  into  alloxan,  and  upon  the  mutual  de- 
composition of  urea  and  hyponitrouB  acid.  To  1  eq.  of  cyanoxalic  acid  are  added 
the  elements  of  4  eq.  water,  and  2  eq.  oxygen  from  1  eq.  nitric  acid,  by  which  1 
eq.  alloxan  and  1  eq.  hyponitrous  acid  are  formed.  The  latter  combines  with 
the  ammonia  of  the  urea,  and  liberates  cyanic  acid  ;  the  hyponitrite  of  ammonia 
is  decomposed  by  heat  into  nitrogen  and  water,  and  the  cyanic  acid  with  water 
is  resolved  into  carbonic  acid  ana  ammonia,  which  unites  with  the  free  nitric 
acid. 

Cyanoxalic  acid=C8N2  04 
4  eq.  water  ~H404 
2  cq.  oxygen  Oz 

1  eq.  alloxan  =  C8N2H4Oi0 

Urea  =C2N2H402 
Hyponitrous  acid  =     N  Q3 

C2N<JH4d5=C2Oi+      N2+      NH3+  HO 
Carbonic  acid.  Nitrogen.  Ammonia.  Water. 

It  frequently  happens  that  on  dissolving  the  impure  alloxan,  for 
the  purpose  of  purifying  by  a  second  crystallization,  a  portion  of 
alloxantin  is  obtained  ;  it  may  be  easily  separated  from  the  alloxan- 
tin by  cold  water.    (See  Alloxantin.) 
Alloxanic       1875.  Alloxanic  Acid.   CsN,H9(V-|-2  eq.  Discovered  by  Wohler 
»cid.        and  Liebig.    Produced  by  the  decomposition  of  alloxan  by  alkalies. 

It  is  prepared  by  decomposing  alloxanate  of  baryta  by  sulphuric  acid- 
A  strongly  acid  fluid  is  obtained,  which  by  gentle  evaporation  crys- 
tallizes in  radiated  groups  of  acicular  crystals ;  it  is  a  bibasic  acid, 
dissolves  zinc  with  the  evolution  of  hydrogen,  is  unchanged  by  sul- 

fmuretted  hydrogen,  and  precipitates  the  salts  of  silver,  baryta,  and 
ime.    The  anhydrous  alloxanic  acid  contains  the  constituents  of 
half  an  equivalent  of  alloxan  minus  1  eq.  water. 
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1876.  Alloxanic  acid  neutralizes  the  alkalies  perfectly,  decom-   Sect,  iv. 
the  carbonates,  and  forms,  when  neutralized  by  ammonia,  with  Alloxanic 


the  salts  of  silver  a  white  precipitate,  which  by  boiling  becomes  first  j^Jj™? 
yellow  and  then  black,  the  change  being  accompanied  by  a  rapid  ef-  o^des!* 
fervescence  ;  treated  with  ammonia  in  excess,  it  produces  white  gela- 
tinous precipitates  with  the  salts  of  lime,  strontia,  and  baryta  ;  but 
the  precipitate  is  redissolved  by  a  large  excess  of  water,  and  readily 
by  an  acid.  The  solutions  of  the  neutral  alloxanale  of  lime,  stron- 
tia, and  baryta,  become  turbid  when  boiled,  the  bases  are  precipitated, 
aod  urea  and  rnesoxalic  acid  are  formed.* 

1877.  Mesozalic  Acid.  When  a  saturated  solution  of  alloxanate  of  Metoxalfc 
baryta  or  strontia  is  heated  to  the  boiling  point,  a  precipitate  falls  BCI  ' 
consisting  of  the  carbonate,  mesoxalate,  and  alloxanate  of  baryta  or 
stroniia.    The  solution,  on  evaporation,  yields  a  crystalline  crust, 

from  which  urea  is  separated  by  treating  it  with  alcohol,  and  mesox- 
alate of  baryta  remains.  If  a  solution  of  alloxan  be  added,  drop  by 
drop,  to  a  boiling  solution  of  acetate  of  lead,  a  very  heavy  granular 
precipitate  of  mesoxalate  of  lead  is  formed,  and  urea  remains  as  the 
only  other  product  in  the  solution.  The  rnesoxalic  acid  may  be  ob- 
tained by  decomposing  this  lead  salt  by  sulphuric  acid  ,  it  is  a 
strongly  acid  solution,  reddens  vegetable  colours,  and  forms,  like  the 
alloxanic  acid,  on  the  addition  of  ammonia,  precipitates  with  the 
salts  of  baryta  and  lime,  which  are  soluble  in  acids  and  a  large  ex- 
cess of  water  ;  it  may  be  boiled  and  evaporated  without  change.  Its 
action  on  the  salts  of  silver  is  characteristic ;  it  forms  with  them, 
after  being  neutralized  by  ammonia,  a  yellow  precipitate,  which  on 
being  gently  heated  is  reduced  to  the  metal  with  a  rapid  efferves- 
cence. 

1878.  The  above-mentioned  lead  salt  yields, on  analysis,  80.4  percent,  of oxido  of  Analysis 
lead  ;  it  contains  a  slight  admixture  of  a  substance  containing  nitrogen,  probably  and  com; 
cyanate  or  cyunurate  of  lead,  from  which  it  cannot  be  perfectly  purified.    The  sitioo. 
conuKJsition  of  the  lead  salt  is  very  probably  expressed  by  the  formula  COH- 
2PbO,  in  which  case  its  formation  from  alloxan  and  alloxanic  acid  admits  of  a 
ready  explanation.    From  1  eq.  alloxan  1  eq.  urea  is  separated,  by  which  2  eq. 
of  anhydrous  rnesoxalic  acid  is  left. 

1  eq.  alloxan  =CHN2H4Oio 
—1  eq.  urea  =C2N2H4Ut 

=2~eq.  rnesoxalic  acid  =C6  G8 

The  above-mentioned  mesoxalate  of  baryta  contains  50  per  cent,  of  baryta, 

from  which  its  constitution  is  probably  represented  by  the  formula  C304+  ^ 

1979.  Mykomtlinic  Acid.    CaN«HsOs  ?    Discovered  by  Wohler  Mykome- 


and  Liebig.    Product  of  the  decomposition  of  alloxan  by  ammonia. 

It  is  prepared  by  heating  to  213°  a  solution  of  alloxan  with  an  excess  of  ammo- 
nia, men  neutralizing  with  an  excess  of  dilute  sulphuric  acid  and  boiling  for  a 
few  minutes.  The  mykomclinic  acid  falls  as  a  yellow  gelatinous  precipitate, 
which  dries  to  a  yellow  porous  powder  ;  it  is  with  difficulty  dissolved  by  cold, 
bat  more  readily  by  hot  water. 

1880.  Its  solution  has  a  distinctly  acid  reaction  ;  it  decomposes 
the  carbonated  alkalies  and  is  easily  dissolved  by  the  caustic  alka- 
lies, but  on  being  boiled  with  them  is  decomposed  with  the  evolution 
of  ammonia  ;  it  forms,  with  the  oxide  of  silver,  a  yellow  compound, 

*  For  AllaxanaUt,  see  T.  and  L.  810. 


linic  acid. 
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Qup.  vi.  which  is  insoluble  in  water.    It  is  produced  by  the  decomposition  of 
"  1  eq.  alloxan  and  2  eq.  ammonia  into  1  eq.  mykomelinic  acid  and  5 
eq.  water. 

Parabanic  1881.  Parabanic  Acid.  C6NaO<-|-2  aq.  Discovered  by  Wohler 
and  Liebig.  Product  of  the  decomposiiion  of  uric  acid  and  alloxan 
by  nitric  acid.  Prepared  by  treating  1  part  of  uric  acid,  or  1  part  of 
alloxan,  in  8  parts  of  pretty  strong  nitric  acid,  evaporating  to  the 
consistence  of  a  syrup,  and  allowing  it  to  stand  for  some  time,  when 
it  yields  colourless  crystals  which  may  be  purified  by  a  second  crys- 
tallization. 

1882.  Colourless,  transparent,  thin,  hexagonal  prisms ;  has  a 
strong  acid  taste,  very  similar  to  that  of  oxalic  acid;  is  very  soluble 
in  water,  does  not  effloresce  either  in  the  air  or  in  a  warm  room; 
fuses  if  heated,  when  a  portion  sublimes  unchanged,  but  another  part 
decomposes  with  the  evolution  of  hydrocyanic  acid.  The  cold  aolo- 
tion  neutralized  by  ammonia,  produces  a  white  precipitate  in  the 
salts  of  silver,  which  contains  70.62  per  cent,  of  the  oxide ;  when 
treated  with  ammonia  it  is  converted  into  oxaluric  acid. 

1853.  It  is  formed  by  the  decomposiiion  of  1  eq.  of  uric  acid, 
which,  by  the  addition  of  2  eq.  of  water  and  4  eq.  oxygen  from  the 
nitric  acid,  is  resolved  into  2  eq.  carbonic  acid,  1  eq.  parabanic  acid, 
and  1  eq.  urea  ;  the  latter  is  decomposed  as  before-mentioned  by  the 
hyponitrous  acid.  One  eq.  alloxan  with  2  eq.  oxygen  is  resolved  into 
2  eq.  carbonic  acid,  4  eq.  water,  and  1  eq.  parabanic  acid. 

1854.  Oxaluric  Acid.  C6N2H307-f  aq.  Discovered  by  Wohler  and 
Liebig.    Produced  by  the  decomposiiion  of  parabanic  acid. 

Prepared  by  adding  dilute  sulphuric  or  hydrochloric  acid  to  a  saturated  soio- 
tion  of  oxalurate  of  ammonia  in  hot  water,  and  rapidly  cooling  the  mixture  when 
the  oxaluric  acid  falls  an  a  white  crystalline  powder;  this  should  be  washed  with 
cold  water  as  long  as  the  washing,  when  neutralized  by  ammonia,  causes  with 
the  salts  of  lime  a  precipitate  which  is  perfectly  redisaolved  by  heat,  or  by  an  ad 
ditional  quantity  of  water. 

1885.  It  is  a  white*  or  slightly  yellow  crystalline  powder  of  an 
acid  taste,  reddens  the  vegetable  colours,  and,  when  neutralized  by 
ammonia,  forms  with  silver  salts  a  white  precipitate  which  is  per- 
fectly redissolved  by  boiling.  By  boiling  in  water  it  is  completely 
decomposed  into  free  oxalic  acid  and  oxalate  of  urea. 

1886.  The  oxaluric  acid  is  formed  by  the  addition  of  2  eq.  water  to  the  consti- 
tuents of  the  parabanic  acid.  It  contains  further  the  elements  of  2  equivalents  of 
oxalic  acid  and  1  eq.  urea  ;  it  may  be  considered  as  uric  acid  in  which  the  cya- 
noxalic  acid  has  been  replaced  by  the  oxalic  acid. 

1887.  Oxalurate  of  Ammonia,  Nr^O+CeNjHjOT,  may  be  formed 

by  heating  a  solution  of  parabmic  acid  with  ammonia,  or  more  advantageous!* 
by  treating  a  recently  prepared  solution  of  uric  acid  in  dilute  nitric  acid  with  an 
excess  of  ammonia  and  evaporating.  The  liquid  acquires  at  first  a  purple  colour, 
which  disappears  during  the  evaporation,  and  if  allowed  to  cool  when  arrived  at 
a  certain  degree  of  concentration,  it  deposits  radiated  j  groups  of  hard  acicular  vei- 
low  crystals ;  they  are  obtained  colourless  by  charcoal  and  recrydtallization. ' 

1888.  The  oxalurate  of  ammonia  crystallizes  in  radiated  groups 
of  fine  acicular  crystals,  which  have  a  silky  lustre,  and  are  readily 
dissolved  by  hot,  but  with  difficulty  by  cold  water;  the  solution  has 
no  reaction  on  vegetable  colours,  and  may  be  boiled  and  evaporated 
without  change ;  the  dry  salt  loses  no  weight  at  250°,  but  at  a  higher 
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temperature  it  is  decomposed  with  the  rapid  evolution  of  hvdrocya-  Sect,  nr. 
oic  acid.    Acids  separate  from  a  concentrated  solution  the  oxaluric  " 
acid  as  a  crystalline  powder. 

1889.  The  oxaluric  acid  forms  with  the  alkalies  very  soluble,  but  Oxaluric 
with  the  alkaline  earths  sparingly  soluble  salts.    If  concentrated  so-  »cid  and 
lutions  of  oxalurate  of  ammonia,  chloride  of  calcium  or  barium  be  55Sfc 
mixed  with  each  other,  after  standing  some  time,  brilliant  transpa- 
rent scales  or  needles  of  oxalurate  of  baryta  or  lime  will  be  deposited  ; 

a  solution  of  the  latter  in  water  when  treated  with  an  excess  of  am- 
monia gives  a  basic  salt  in  the  form  of  a  transparent  gelatinous  pre- 
cipitate, which  is  redissolved  by  a  large  quantity  of  water. 

1890.  Thionuric  Acid.  cXH,OuS9.  A  bibasic  acid.  Discovered  Thiwmric 
by  Wdhler  and  Liebig.    Is  formed  by  the  action  of  sulphurous acid- 
arid  on  alloxan.    It  is  prepared  by  decomposing  the  thionurate  of 

lead  by  hydrosulphuric  acid.  A  while  crystalline  mass,  is  perma- 
nent in  the  air,  and  readily  dissolved  by  water  ;  of  an  acid  taste, 
reddens  vegetable  blues  strongly;  its  saturated  solution,  when 
heated  to  the  boiling  point,  congeals  to  a  semi-fluid  crystalline  mass 
of  uramil,  and  the  fluid  when  this  has  deposited  is  found  to  contain 
free  sulphuric  acid. 

1991.  The  thionuric  acid  contains  the  elements  of  1  eq.  alloxan,  Theory. 
1  eq.  ammonia,  and  2  eq.  sulphurous  acid  ;  the  uramil  may  be  con- 
sidered as  a  compound  of  ammonia  with  alloxan  minus  2  eq.  oxygen, 
or  of  cyanoxalic  acid  with  1  eq.  ammonia  and  2  eq.  water.  On 
heating  the  solution  of  thionuric  acid  2  eq.  oxygen  are  given  by  1 
eq.  alloxan  to  the  2  eq.  of  sulphurous  acid,  which  is  thus  converted 
into  sulphuric  acid,  while  the  elements  of  cyanoxalic  acid,  ammonia, 
and  water  combine  to  uramil. 

1892.  Thionuric  acid  forms  with  the  alkalies  very  soluble  salts ;  Thionuric 
with  the  alkaline  earths  either  insoluble  or  sparingly  soluble  salts,  ^l^^  ox. 
which  are  however  readily  dissolved  by  dilute  acids;  they  generally  ides, 
are  formed  of  1  eq.  of  acid  and  2eq.  of  the  metallic  oxide.  All  these 
salts  evolve  sulphurous  acid  abundantly  when  treated  with  concen- 
trated sulphuric  acid;  when  fused  with" hydrate  of  potassa,  sulphite 
of  potassa  is  formed. 

189a  Uramil  C,N,H,0, ;  eq.=  144.41.   Discovered  by  Wohler  Uramil. 
and  Liebig.    A  product  of  the  decomposition  of  thionuric  acid. 

A  cold  saturated  solution  of  thionurate  of  ammonia  is  made  boiling  hot,  and 
then  treated  with  hydroehloric  acid  till  it  has  a  strongly  acid  reaction,  when  it  is 
■gain  heated  till  a  slight  turbidity  is  observed,  and  allowed  to  cool  slowly  ;  or  a 
boiling  saturated  solution  of  the  same  salt  may  be  mixed  with  hydrochloric  or 
dilute  sulphuric  acid,  and  then  kept  boiling  until  the  whole  is  converted  to  a 
semifluid  mass.  It  is  obtained  in  a  plume-form  aggregation  of  fine  but  hard 
needles,  or  as  a  fine  porous  powder,  consisting  of  fine  needles  which  have  a 
•Iky  lustre,  and  are  permanent  in  the  air,  but  acquire  a  pink  tint  when  heated. 

1884.  It  is  insoluble  in  cold,  but  taken  up  in  small  quantity  by  Properties, 
boiling  wateT ;  soluble  in  ammonia  and  the  caustic  alkalies  in  the 
cold,  from  which  it  is  precipitated  by  acids  unchanged.  Th*»  solu- 
tion of  uramil  in  ammonia  and  caustic  potassa  acquires  a  purple  co- 
lour by  exposure  to  the  air,  and  deposits  green  acicular  crystals,  of  a 
brilliant  metallic  lustre;  if  boiled  in  the  caustic  potassa,  it  is  decoin- 
ed  into  uramiiic  acid  with  the  evolution  of  ammonia.  It  is  solu- 
te in  concentrated  sulphuric  acid,  from  which  it  is  again  precipi- 
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tated  by  water ;  by  boiling  in  dilute  acids  it  suffers  the  same  change 
as  in  caustic  potassa.  By  boiling  with  the  oxides  of  silver  and  mer- 
cury it  is  converted  into  murexid,  and  the  oxide  is  reduced. 

1895.  With  concentrated  nitric  acid  it  is  resolved  into  alloxan, 
with  the  evolution  of  hyponitrous  acid,  and  the  formation  of  nitrate 
of  ammonia.  The  above  decomposition  of  the  thionurate  of  ammo- 
nia consists  in  the  separation  of  the  elements  of  2  eo.  of  sulphate  of 
ammonia.  Uramil  may  be  considered  as  uric  acid,  in  which  the 
urea  is  replaced  by  1  eq.  ammonia  and  2  eq.  water. 

1896.  Uramilic  Acid.  C,6N,Hl0O18.  Discovered  by  Wohler  and 

Liebig.    A  product  of  the  decomposition  of  uramil. 

A  saturated  solution  of  thionurate  of  ammonia  in  cold  water  is  added  to  a  small 
quantity  of  sulphuric  acid,  and  the  mixture  evaporated  in  a  water-bath,  when  the 
uramilic  acid  is  slowly  deposited,  in  transparent  prisms  of  a  glassy  lustre.  If  a 
white  amorphous  deposit,  which  is  soluble  in  hot  water,  be  at  the  same  time  ob- 
tained, it  arises  from  the  presence  of  undecomposed  acid  thionurate  of  ammonia  , 
this  is  again  dissolved  in  water  mixed  with  sulphuric  acid,  and  treated  as  before. 

1897.  Colourless  four-sided  prisms,  or  fine  silky  needles  ;  is  so- 
luble in  6 — 8  parts  of  cold,  and  in  3  parts  of  boiling  water  ;  loses  no 
weight  when  heated  to  212°,  but  acquires  a  slightly  pink  colour; 
the  solution  has  a  feeble  acid  reaction.  It  is  soluble  in  concentrated 
sulphuric  acid  with  effervescence,  but  without  colouring  the  acid. 
By  boiling  in  strong  nitric  acid,  a  yellow  solution  is  obtained,  which 
yields  on  evaporation  white  crystalline  and  sparingly  soluble  scales 
or  granular  crystals  ;  they  are  dissolved  by  alkalies,  and  again  pre- 
cipitated by  acetic  acid.  In  its  formation  2  eq.  of  uramil  lose  the 
elements  of  1  eq.  of  ammonia,  which  are  replaced  by  3  eq.  of  water. 

1898.  The  uramilic  acid  forms  with  ammonia  and  the  fixed  alka- 
lies soluble  crystallizable  salts  ;  lime  and  baryta  are  not  thrown  down 
from  their  saline  solution  by  the  free  acid  ;  but  on  the  addition  of 
ammonia  a  while  precipitate  is  formed,  which  again  disappears  in  a 
large  quantity  of  water.  Uramilate  of  ammonia  produces  with  ni- 
trate of  silver  a  derrse  white  precipitate,  which  contains  from  63—64 
per  cent,  of  silver. 

1899.  Albxantin.  C<N,H5O10 ;  eq.  =  162.26.  First  observed  by 
Prout  as  a  product  of  the  decomposition  of  uric  acid  by  nitric  acid; 
it  is  also  formed  by  the  action  of  chlorine  on  uric  acid,  as  likewise 
from  alloxan  by  the  action  of  deoxidizing  agents. 

1900.  From  uric  acid :  one  part  of  uric  acid  is  added  to  32  parts  of  water, 
which  is  brought  to  the  boiling  point,  and  then  treated  with  dilute  nitric  acid  in 
successive  portions  till  a  perfect  solution  is  obtained  ;  it  should  then  be  evapo- 
rated to  two  thirds  of  its  volume,  when,  after  standing  for  some  hours,  or  a  day, 
crystals  of  alloxantin  will  be  deposited,  which  should  be  purified  by  recryst*)- 
lization. 

From  alloxan :  it  is  obtained  in  large  quantity  by  transmitting  a  stream  of 
hydrosulphuric  acid  gas  through  a  solution  of  alloxan,  when  first  sulphur,  and 
then  a  crystalline  mass  of  alloxantin  is  deposited;  it  is  separated  from  the  sul- 
phur by  solution  in  hot  water,  which  yields  by  evaporation  and  cooling  pure 
crystals  of  alloxantin.  It  may  also  be  formed  by  adding  zinc  and  hydro- 
chloric acid  to  a  solution  of  alloxan,  but  here  an  excess  of  acid  must  be  care- 
fully avoided  ;  or  by  boiling  alloxan  in  moderately  strong  sulphuric  acid,  when 
it  is  deposited  as  the  solution  cools.  If  a  soluUon  of  alloxan  be  exposed  to 
the  action  of  a  galvanic  battery,  oxygen  is  evolved  at  the  positive  electrode, 
while  the  negative  is  covered  with  a  crystalline  crust  of  alloxantin. 

1901.  Short  oblique  four-sided  prisms  of  the  oblique  prismatic 
system,  the  obtuse  angle  of  the  prism  being  105°.    The  crystals  are 
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colourless,  or  have  a  slightly  yellow  tint ;  in  an  ammoniacol  atmos-  Beet,  iv. 
phere  they  become  red,  acquire  a  greenish  metallic  lustre,  and  are 
readily  reduced  to  powder  ;  exposed  to  212°  they  undergo  no  change 
of  weight,  but  at  300°  lose  15.4  per  cent.=3  eq.  water;  sparingly 
soluble  in  cold,  more  freely  in  boiling  water.  The  solution  reddens 
litmus  ;  is  converted  into  alloxan  by  being  warmed  with  nitric  acid, 
or  by  a  solution  of  chlorine  ;  forms  with  the  salts  of  silver  a  black 
precipitate  of  metallic  silver ;  it  is  decomposed  by  alkalies  ;  barytic 
water  causes  a  violet-blue  precipitate,  which  is  first  rendered  colour- 
less by  heat  and  then  disappears  ;  by  adding  an  excess  of  baryta  to 
this  solution  a  brilliant  white  precipitate  is  formed. 

1902.  If  a  solution  of  alloxan,  instead  of  being  left  in  contact  with 
zinc  and  hydrochloric  acid  at  common  temperature,  be  heated  to  the 
boiling  point,  and  kept  at  that  temperature  for  some  time,  it  deposits, 
on  cooling,  yellow  granular  crystals  of  a  brilliant  lustre  and  sparing 
solubility  in  boiling  water,  and  of  characters  essentially  different 
from  alloxantin. 

1903.  If  a  stream  of  hydrosulphuric  acid  gas  be  passed  through  a  Product*  of 
boiling  solution  of  alloxantin,  a  further  precipitation  of  sulphur  en-  lh'^^^f 
sues,  and  the  solution  acquires  a  strongly  acid  reaction  ;  if  neutralized  aTloxantin. 
by  carbonate  of  ammonia,  it  deposits  on  cooling  an  abundant  crop  of 

white  silky  acicular  crystals  of  an  ammoniacal  salt,  which,  when 
heated  to  212°  in  the  air, becomes  of  a  blood-red  colour;  its  compo- 
sition is  represented  by  the  formula  CNjHaO,,,  and  it  may  therefore 
be  considered  to  be  a  compound  of  cyanoxalic  acid  with  1  eq.  ammo- 
nia and  4  eq.  water.  The  acid  in  this  salt  appears  in  the  moment  of 
its  separation  from  the  ammonia  with  which  it  was  combined  to  be 
decomposed  into  a  variety  of  new  products.  It  is  proposed  to  call 
this  acid  the  dialuric  acid,  since  its  properties  appear  to  differ  from 
those  of  the  cyanoxalic. 

1904.  If  a  hot  saturated  solution  of  alloxantin  be  treated  with  a  so-  Action  of 
lution  of  sal  ammoniac,  it  instantly  acquires  a  purple-red  colour, aminoni>- 
which  disappears  after  a  few  moments,  while  the  solution  becomes 
turbid,  and  deposits  brilliant  white  scales  of  uramil,  but  they  are 

pink  when  dried  ;  the  same  occurs  with  the  acetate,  the  oxalate,  and 
other  ammoniacal  salts ;  the  solution  contains,  after  the  decomposi- 
tion, alloxan  and  free  hydrochloric  acid. 

1906.  Two  eq.  alloxantin  and  1  eq.  ammonia  contain  the  elements  of  1  eq.  Theory, 
aramil,  1  eq.  alloxan,  and  4  eq.  water.    By  heating  a  solution  of  alloxantin  in 
pore  ammonia,  the  products  first  formed  are  uramil  and  mykoinelinate  of  ammo- 
nia, both  of  which  suffer  further  changes  by  the  continued  action  of  ammonia 
and  the  atmospheric  air.    If  a  solution  of  alloxantin  in  ammonia,  which  has 


prepared  in  the  cold,  be  spontaneously  evaporated  by  exposure  to  the  air, 
oxygen  is  absorbed,  and  crystals  of  the  oxalurate  of  ammonia  are  obtained  :  3  eq. 
alloxantin,  7  eq.  oxygen,  and  6  cq.  ammonia,  contain  the  elements  of  4  eq.  oxa- 
lurate of  ammonia  and  5  eq.  water. 

1906.  If  oxide  of  silver  be  heated  in  a  solution  of  alloxantin,  a  por-  AcUon  0f 
tion  of  the  former  is  reduced  with  effervescence,  and  the  solution  oxide  of 
contains  pure  oxalurate  of  silver.    In  this  reaction  3  eq.  oxygen  »il?er- 
from  the  oxide  of  silver  decompose  I  eq.  alloxantin  into  1  eq.  water, 

2  eq.  carbonic  acid,  and  1  eq.  oxaluric  acid,  which  last  unites  with 
some  undecomposed  oxide  of  silver. 

1907.  Murerid.    CtaN,H,08 ;  eq.=  197.19.    The  purpurale  o/Murexid. 

by  Prout. 
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Cyanogen  and  it*  Compounds. 

Ubap.  VI.     By  beating  a  mixture  of  equal  parts  of  peroxide  of  mercury  and  uramilie  acid 

~  in  3U— 40  parts  of  water,  with  the  addition  of  an  exceedingly  small  quantity  of 
ammonia  ;  as  soon  as  the  liquid  has  acquired  a  deep  purple  colour,  it  is  filtered 
and  allowed  to  rest,  when  the  murexid  crystallizes ;  or  by  dissolving  uramil  by 
the  aid  of  heat  in  ammonia,  and  when  the  solution  has  cooled  to  160°,  alloxan  is 
added  until  a  very  slight  alkaline  reaction  is  observed. 

Or  a  solution  of  uric  acid  in  dilute  nitric  acid  is  evaporated  until  it  acquires  a 
flesh-red  colour,  when  it  is  allowed  to  cool  to  1  and  is  then  treated  with  a 
dilute  aqueous  solution  of  ammonia,  till  the  presence  of  free  ammonia  is  re- 
marked by  the  odour  ;  the  solution  is  then  diluted  with  half  its  volume  of  boiling 
water,  and  allowed  to  cool.* 

Or  a  boiling  saturated  solution  of  alloxantin  in  water  is  treated  with  ammonia 
in  excess  till  the  precipitated  uramil  is  redinsolved,  when  a  solution  of  alloxan  is 
added,  so  that  only  a  slight  alkaline  reaction  is  left,  and  the  whole  is  allowed  to 
cool. 

Or  by  heating  alloxantin  with  sal  ammoniac  or  oxalate  of  ammonia,  and  after 
the  formation  of  uramil  adding  ammonia  till  the  former  is  redissolved,  and  thea 
alloxan.    Murexid  may  bo  formed  by  a  number  of  other  processes,  by  bringing 
together  many  of  the  products  of  uric  acid  with  ammonia,  with  or 
of  atmospheric 


1908.  When  the  oxygen  from  l£eq.  of  peroxide  of  mercury  is 
added  to  2  eq.  uramil,  they  may  give  rise  to  the  formation  of  1  eq. 
murexid,  1  eq.  alloxanic  acid,  and  3  eq.  water.  Alloxan  appears  to 
have  the  same  action  upon  a  solution  of  uramil  in  ammonia  as  the 
peroxide  of  mercury*  One  eq.  alloxan,  2  eq.  alloxantin,  and  4  eq. 
ammonia,  contain  the  elements  of  2  eq.  murexid  and  14  eq.  water. 
The  solution  of  uric  acid  in  dilute  nitric  acid  contains  principally 
alloxantin,  urea,  and  nitrate  of  ammonia  :  evaporated  until  the  flesh- 
red  colour  appears,  a  portion  of  the  alloxantin  is  converted  by  the  action 
of  free  nitric  acid  into  alloxan,  a  portion  of  which,  by  a  further  action, 
gives  rise  toparabaoic  acid.  Butwhen  alloxan  and  alloxan  (in  are  simul- 
taneously present  in  a  solution,  an  excess  of  ammonia  produces  a  deep 
purple-red  liquid  from  which  murexid  is  deposited.  If  the  solution 
contain  an  excess  of  alloxantin,  the  crystals  of  murexid  are  mixed 
with  uramil ;  with  an  excess  of  alloxan,  mykomelinate  of  ammonia 
,  is  formed,  which  also  falls  with  the  murexid.    The  parabanic  acid 

present  passes,  when  the  solution  of  uric  acid  is  saturated  with  am- 
monia, into  oxaluric,  which  is  obtained  in  crystals  of  oxalurate  of 
ammonia  by  evaporating  the  mother-liquor. 
Properties.  1909.  Murexid  crystallizes  in  short  four-sided  prisms,  two  faces 
of  which,  like  the  upper  wings  of  the  canthnrides,  reflect  a  green 
metallic  lustre.  The  crystals  are  transparent,  and  by  transmitted 
light  are  of  a  garnet-red  colour.  It  forms  a  brownish-red  powder, 
which,  under  the  polishing  steel,  acquires  a  brilliant  metallic  green 
colour,  h  is  insoluble  iu  ether  and  alcohol ;  sparingly  soluble  in 
cold,  but  more  readily  in  boiling  water,  on  the  cooling  of  which  it 
crystallizes  unchanged  ;  insoluble  in  a  saturated  solution  of  carbo- 
nate of  ammonia,  soluble  in  caustic  potassa  with  a  beautiful  indigo- 
blue  colour,  which  disappears  on  the  application  of  heat  with  the 
evolution  of  ammonia. 


*  In  applying  this  method  of  preparation,  it  is  advisable  to  test  a  small  quantity  of 
the  solution  of  uric  acid  from  time  to  time  by  saturating  it  with  ammonia  ;  if  it  be 
rendered  turbid  by  the  ammonia,  and  a  red  powder  falls,  a  small  quantity  of  nitric 
acid  must  be  added  to  the  hot  solution  of  the  uric  aoid  ;  but  if  a  yellow  slimy  prtdpi- 
tate  be  formed,  the  solution  will  only  give  rise  to  the  formation  of  murexid  after  a 
stream  of  hydrosulphurk  acid  gas  has  been  transmuted  through  it 
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1910.  It  is  decomposed  either  in  the  solid  state  or  in  solution  by  stiiv. 
all  the  mineral  acids,  with  the  separation  of  brilliant  scales  of  mu-  Decom- 
rexan ;  the  liquid  contains  ammonia,  alloxantin,  alloxan,  and  urea.  ),osed- 
The  instant  the  murexid  is  brought  into  contact  with  hydrosulphu- 

ric  acid  it  is  decomposed  into  alloxan  tin,  dialuric  acid,  and  murexan, 
with  the  separation  of  sulphur.  An  equivalent  of  alloxan,  alloxan- 
tin,  murexan,  and  urea,  together  with  2  eq.  ammonia,  contain  the 
elements  of  2  eq.  murexid  and  11  eq.  water. 

1911.  Murexan.   C,NaH4Oa;  eq.= 109.02.   The  purpuric  acid  Murexan. 
discovered  by  Prout  as  the  product  of  the  decomposition  of  murexid. 
Prepared  by  dissolving  murexid  in  caustic  potassa  by  the  aid  of  heat, 
which  is  applied  till  the  blue  colour  disappears,  when  dilute  sulphu- 
ric acid  is  added  in  excess. 

1912.  It  falls  in  crystalline  scales  of  a  silky  lustre  ;  is  insoluble 
in  water  and  dilute  acids,  but  is  taken  up  by  ammonia  and  the  fixed 
alkalies  in  the  cold  without  neutralizing  them.  It  is  dissolved  by 
concentrated  sulphuric  acid,  from  which  it  is  again  precipitated  un- 
changed by  water.  If  a  solution  of  murexan  in  ammonia  be  exposed 
to  the  air,  it  acquires  a  purple-red  colour,  and  deposits  the  brilliant 
crystals  of  murexid  ;  with  an  excess  of  ammonia  the  solution  again 
becomes  colourless,  and  is  then  found  to  contain  oxalurate  of  ammo- 
nia. 

1913.  Two  eq.  murexan,  1  eq.  ammonia,  and  3  eq.  oxygen,  con-  Theory, 
tain  the  elements  of  1  eq.  murexid  and  3  eq.  water ;  1  eq.  murexan, 

3  eq.  oxygen,  and  1  eq.  ammonia,  are  the  constituents  of  1  eq.  oxa- 
lurate of  ammonia. 

1914.  Uric  Oxide,  or  Xanthic  Oxide.  C5N8H3Oa.  A  rare  consti-  Uric  Oxide, 
tuent  of  urinary  calculi ;  first  discovered  by  Marcet.  oxide" 

1915.  Urinary  calculi,  which  contain  this  ingredient,  are  dissolved 
in  caustic  potassa  and  the  solution  saturated  with  carbonic  acid, 
when  the  uric  oxide  is  precipitated. 

1916.  A  white  precipitate  ;  when  dried,  it  forms  a  pale  yellow  Properties, 
hard  mass,  which  acquires  a  waxy  lustre  by  friction :  it  is  dissolved 

by  the  pure  and  carbonated  alkalies  ;  in  small  quantity  by  hot  water, 
hydrochloric  and  oxalic  acids.  It  is  soluble  in  concentrated  sulphu- 
ric acid  with  a  yellow  colour  ;  no  precipitation  is  caused  by  the  ad- 
dition of  water  to  the  solution.  It  is  dissolved  in  nitric  acid  without 
effervescence  ;  on  evaporating  to  dryness,  a  lemon-yellow  residue  is 
left,  which  is  not  reddened  by  ammonia,  is  partially  soluble  in  water, 
but  perfectly  and  easily  in  potassa ;  the  solution  has  a  light  reddish- 
yellow  colour,  and  leaves  on  evaporation  a  red  residue. 

1917.  Exposed  to  the  destructive  distillation,  it  evolves  an  odour  J^JJJjJ,1^* 
of  urine,  hydrocyanic  acid,  and  carbonate  of  ammonia,  but  no  urea. 

The  calculi,  which  contain  uric  oxide,  have  a  light  brown,  or  bright 
brown  surface;  the  fracture  is  scaly,  of  a  strong  lustre,  and  also  of  a 
brown  or  deep  flesh  colour ;  by  friction  the  lustre  becomes  resinous. 

1918.  Cystic  Oxide.  Discovered  by  Wollaston  ;  a  rare  consti-  Cvstic  Ox- 
tuent  of  urinary  calculi ;  an  organic  base.  id#f' 

1919.  The  calculus  is  dissolved  in  aqueous  ammonia,  and  the 
filtered  solution  evaporated  in  the  air,  when  the  cystic  oxide  crystal- 
lizes. 

1920.  In  the  calculus  it  exists  as  a  yellowish-white  confused  cry s- 
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chip,  vir.  talline  mass  of  a  brilliant  lustre :  crystallizes  from  its  solution  in 
potassn,  on  the  addition  of  acetic  acid,  in  hexagonal  plates;  from 
ammonia,  in  white  transparent  scales-  It  is  decomposed  by  heat, 
with  the  evolution  of  sulphurous  and  ammoniacal  products  of  an  of- 
fensive odour.  It  is  readily  dissolved  by  mineral  acids,  with  which 
it  forms  crystalline  compounds. 

Salt  of.  1921.  It  forms  with  hydrochloric  acid  an  anhydrous  salt  which  it 
composed  of  1  eq.  of  the  base  and  acid.  The  salt  with  nitric  acidU 
formed  of  1  eq.  of  acid,  1  eq.  of  base,  and  2  eq.  water,  the  half  of 
which  is  separated  by  a  temperature  of  105°.  It  is  soluble  in  the 
pure  and  carbonated  alkalies  ;  but  if  the  solution  be  heated  it  is  de- 
composed at  first  with  the  evolution  of  ammonia,  but  as  the  evapora- 
tion proceeds,  a  very  combustible  gas,  which  burns  with  a  blue  flame, 
and  smells  like  sulphuret  of  carbon,  is  given  off.  The  occurrence  of 
the  cystic  oxide  is  so  rare,  that  it  is  impossible  to  institute  any  in?es- 
tigation  of  this  remarkable  substance. 

According  to  the  analysis  of  Thaulow,  its  formula  is  C5NH«0,Si. 

L.  823. 
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CHAPTER  VII. 

Section  I.    Vegetable  Alkalies.0 

1922.  These  alkaline  bodies  have  been  discovered  since  the  year 
1817,  and  their  number  is  daily  increasing.  The  most  important 
only  can  be  comprised  in  this  chapter.  Almost  all  plants,  which  are 
remarkable  for  their  poisonous  or  medicinal  properties,  when  sub- 
jected to  a  chemical  examination,  have  been  found  to  contain  an 
alkaline  principle. 

1923.  It  has  been  found  that  all  the  vegetable  alkalies  are  preci- 
pitated by  tannin,  or  infusion  of  nutgalls.  These  precipitates  are 
usually  white  powders,  bitannates  of  the  alkali,  insoluble  in  cold 
water,  and  easily  decomposed  by  an  alkaline  or  earthy  base.  Henry 
has  proposed  infusion  of  nutgalls  as  an  excellent  reagent  for  obtain- 
ing these  alkalies.    His  process  is  as  follows  : 

Digest  the  plant  containing  the  alkali  in  warm  water,  acidulated  with  sulphu- 
ric acid.  Neutralize  the  clear  liquor  by  potassa,  and  add  a  concentrated  infusion 
of  nutgalls  as  long  as  a  precipitate  fulls.  Separate  the  precipitate,  waah  it  with 
cold  water,  and  mix  inUmately  with  a  slight  excess  or  slaked  lime.  Dry  the 
mixture  over  the  vaoour-bath  Ull  it  is  reduced  to  powder.  Digest  this  powderin 
alcohol  or  ether,  i  liter,  distil  oil"  the  alcohol  or  ether.  Set  the  residue  aside  for 
some  days.   The  alkali  will  be  deposited  in  crystals.! 

How  dis-  1924.  These  bodies  have  been  distinguished  by  names  terminating 
in  a,  that  they  might  resemble  potassa,  soda,  and  ammonia,  and  the 
name  of  the  neutral  principles  with  which  they  are  associated  in 
vegetables  has  been  made  to  terminate  in  ine  or  in.  They  are  all 
compounds  of  carbon,  hydrogen,  nitrogen,  and  oxygen. 


*  The  materials  for  this  chapter  have  been  principally  derived  from  Thomson's 
Chem  of  Org.  Bodies,  to  which  the  student  must  be  referred  for  the  description  of 
many  of  the  less  important  substances. 

Wowr.de 
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1926.  Cinchonia.  CxHiaN01^,  =  168.0,  was  detected  by  Pel-  fccui. 
"  it  and  Caventou  in  1820,  in  the  gray  Peruvian  bark,  which  is  Cinchonia. 
considered  as  the  bark  of  the  cinchona  nitida  or  the  cinchona  conda- 
mi  ma,  and  is  not  much  esteemed  for  its  medical  properties.  But 
there  is  reason  to  suspect  that  the  cinchona  lancifolia  of  Loxa,  the 
most  celebrated  of  all  the  varieties  contains  the  same  principle. 

It  i  obtained  from  the  pale  bark  by  digesting  it  in  dilute  hydro- 
chloric acid,  precipitation  by  an  alkali  or  earth,  solution  in  alcohol 
and  cryslallization.t 

1926.  It  crystallizes  in  prismatic  needles,  and  requires  2500  limes  Crystalline 
its  weight  of  water  for  solution.    It  is  very  soluble  in  alcohol ;  has  *™biHty. 
a  bitter  taste,  is  not  altered  by  exposure  to  the  air.    Its  alkaline  pro- 
perties are  well  marked. 

1927.  The  salts  of  cinchonia  have  a  bitter  taste;  are  precipitated  Character* 
by  oxalates,  tartrates  and  gallates,  and  by  the  infusion  of  gallnuts. of  ,u  **lu* 
It  combines  with  acids  forming  neutral  salts  and  disalts,  or  salts  com- 
posed of  two  atoms  base  united  to  1  atom  acid.  t. 

1928.  Quinia.  0*11,^0,=  162.0.  In  1820  Pelletier  and  Caven- 
tou  pointed  out  the  alkaline  character  of  this  substance,  and  showed 
it  might  be  obtained  in  a  separate  state.J  Since  that  period  sul- 
phate of  quinia  has  come  into  general  use  as  a  medicine,  and  has 
almost  superseded  the  use  of  bark. 

1929.  Quinia  may  be  extracted  from  the  yellow  bark  usually 

considered  as  the  cinchona  cordifolia. 

Tbe  bark  ia  boiled  in  water  acidulated  with  sulphuric  acid:  the  solution  of  Pr 
sulphate  of  quinia  thus  formed  is  decomposed  by  lime  ;  sulphate  of  lime  is 
formed,  and  the  quinia  mixes  mechanically  with  it,  as  it  is  precipitated.  Alcohol 
dissolves  the  quinia  and  leaves  the  sulphate  of  lime.  The  alcohol  being  evapo- 
rated, the  quinia  is  procured  by  itself;  neutralized  by  dilute  sulphuric  acid,  and 
boiled  with  animal  charcoal  to  destroy  the  colouring  matter,  a  solution  is  pro- 
cured, which  gives  crystals  of  the  sulphate  on  evaporation. 

1930.  As  sulphate  of  quinia  is  prepared  on  a  large  scale,  it  is  [^ffijj 
more  convenient  to  obtain  quinia  from  that  salt.    Nothing  more  is  /u°pnate. 
necessary  than  to  dissolve  the  sulphate  in  water,  and  to  mix  the  so* 
lution  with  a  dilute  solution  of  ammonia.    The  quinia  falls  in  white 
flocks,  which  become  a  little  coloured  during  drying. 

1931.  It  crystallizes  with  difficulty  from  hot  alcohol  in  fine  nee- Characters, 
dies  and  then  is  in  the  stole  of  a  hydrate.    Exposed  to  heat,  it 
softens  and  falls  down  as  a  white  powder;  at  302°,  or  a  few  degrees 
higher,  it  melts  and  loses  the  whole  of  its  water  (T.).  Suddenly 
cooled,  it  becomes  yellow  and  brittle  ;  slowly  cooled,  it  assumes  a 

fibrous  texture,  and  becomes  opaque.    By  friction  it  becomes  nega- 
tively electric. 


*  The  atomic  composition  is  given  as  slated  by  Thomson. 

t  The  following  process  was  adopted  by  Pelletier  and  Caventou  for  the  extraction  of  *«A 


cincbonis.  Two  Kilogrammes  (4  2-5  lbs.  avoirdupois)  of  Rray  bark  in  powder  were  di-  cf™£*'' 
gented  in  6  kil-  (13  I -6  lbs.)  of  alcohol.  This  treatment  was  repeated  four  times.  The  p ' 
alcoholic  tinctures  were  all  united,  and  the  alcohol  was  distilled  ofi  after  the  addition 
of  two  litres  (123  cubic  inches)  of  water.  Tbe  residual  liquor  was  filtered,  and  it  left 
on  the  filter  a  reddish  matter  apparently  resinouf ,  which  was  washed  with  water  con- 
taining a  little  potassa  till  the  liquid  passed  without  colour.  The  matter  remaining 
oa  the  filter,  after  being  well  washed  with  distilled  water  is  greenish  white,  very  fu- 
loluble  in  alcohol,  and  capable  of  crystallizing.  It  was  cinchonia  with  foreign 
er.  It  was  purified  by  the  action  of  hydrochloric  acid,  magnesia,  and  repeated 
boding  in  alcohol  which  dissolved  the  cinchonia. 

*  Ann-  de  Chim.  et  Phyt.  iv.  346. 
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chap,  vn.  1932.  When  freed  from  water  and  placed  in  that  liquid,  quinia 
swells  and  absorbs  it.  Its  taste  is  intensely  bitter.  It  is  soluble  in 
200  times  its  weight  of  boiling  water ;  very  soluble  in  alcohol  and 
in  ether. 

Its  salts        1933.  The  salts  of  quinia  are  distinguished  by  a  strong  bitter  taste ; 

guished-  those  in  crystals  have  a  pearly  lustre  ;  most  of  them  are  soluble  in 
water,  and  several  in  alcohol  and  in  ether.  These  solutions  are  pre- 
cipitated by  oxalic,  tartaric,  and  gallic  acids,  and  also  by  infusion  of 
nutgalls. 

Sulphate  of    1934.  Sulphate  of  Quinia.    The  powerfully  febrifuge  properties 
quinia.      0f  this  salt  have  introduced  it  into  general  use  as  a  medicine,  and  it 
has  become  an  important  article  of  manufacture,  especially  in 
France.*    The  process  usually  followed  is  the  following  of  M. 
Henri,  junior,  with  some  slight  modifications.! 
Adulters-      1935.  Sulphate  of  quinia,  from  its  commercial  value,  is  frequently 
tion  detect- a(]ulterated.    The  substances  commonly  employed  for  the  purpose 
are  water,  sugar,  gum,  starch,  ammoniacal  salts,  and  earthy  salts, 
such  as  sulphate  of  lime  and  magnesia,  or  acetate  of  lime.  Pure 
sulphate  of  quinia,  when  deprived  of  its  water  of  crystallization  bv  a 
heat  of  212°,  should  lose  only  from  8  to  10  per  cent,  of  water.  Su- 
gar may  be  detected  by  dissolving  the  suspected  salt  in  water,  and 
adding  precisely  so  much  carbonate  of  potassa  as  will  precipitate  the 
quinia.    The  taste  of  the  sugar,  no  longer  obscured  by  the  intense 
bitter  of  the  quinia,  will  generally  be  perceived  ;  and  it  may  be  se- 
parated from  the  sulphate  of  potassa,  by  evaporating  gently  to  dry- 
ness, and  dissolving  the  sugar  by  boiling  alcohol.    Gum  and  starch 
are  left  when  the  impure  sulphate  of  quinia  is  digested  in  strong 
alcohol.    Ammoniacal  salts  are  discovered  by  the  strong  odour  of 
ammonia,  which  may  be  observed  when  the  sulphate  is  put  into  a 
warm  solution  of  potassa.    Earthy  salts  may  be  detected  by  burning 
a  portion  of  the  sulphate.* 
Diaulphate.     1936.  Disulphate  of  Quinia  effloresces;  is  soluble  in  740  times 
its  weight  of  water  at  55°,  and  in  30  times  its  weight  of  boiling 
water.    It  dissolves  in  80  times  its  weight  of  alcohol  of  sp.  gr.  0.8* 
It  crystallizes  in  tufts  composed  of  fine  needles  of  a  pearly  lustre.  It 
fuses  and  then  resembles  liquid  wax :  at  a  higher  temperature  it  as- 
sumes a  fine  red  colour,  and  burns  without  leaving  any  residue. 
Compoai-      From  Liebig's  analysis,  as  quoted  by  Thomson,  it  is  composed 
tion.        of  85  quinia,  10  sulphuric  acid,  and  4.17  water. 
Neutral        1937.  Neutral  sulphate  of  quinia  may  be  formed  by  adding  a 
»u  P  a      ijuje  su|phuric  acid  to  the  solution  of  the  disulphate.y 

1938.  Salicin,  C«HaO2,=43.0,  although  notalkaline  is  analogous  to 

*  The  annual  produce  in  Paris  exceeds  1300,00  ounces  per  annum.  T. 

t  For  details  of  which,  see  T.  Org.  Bodies,  233,  and  Ure's  Did.  Arts  and  Manvf. 
10*4. 

t  Several  of  the  preceding  directions  are  taken  from  a  paper  on  lha  subject  by  Phil- 
lips, Phil.  Mag.  and  Ann.  iii.  ill.  (Turner.)  According  to  Thomson,  marganc  acid 
and  boracic  acid  are  employed  ;  the  former  may  be  separated  by  weak  hydrochloric 
acid  which  dissolves  sulphate  of  quinia  but  leaves  the  margaric  acid ;  the  boracic  tad 
is  discovered  by  incinerating  a  portion  of  the  suspected  salt. 

f  Hydro-ferrocyanate  of  Quinia  has  been  found  a  more  powerful  febrifuge  than  the 
sulphate,  but  is  liable  to  decomposition.  For  the  method  of  preparing  this,  and  the 
other  salts  of  quinia,  see  T.  Org.  Bodies,  236. 
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the  alkalies  from  cinchona.  It  is  obtained  from  the  bark  of  the  willow   8ecu  i. * 
(saiix  helix),  and  exists  in  several  species,  also  in  the  bark  of  the  Salicin, 
poplar  (populus  tremula).    It  is  white,  very  bitter,  soluble  in  water 
and  alcohol.    With  concentrated  sulphuric  acid  it  becomes  of  a 
beautiful  red  colour  ;  this  holds  with  solutions  containing  only  ^fo 
of  their  weight  of  it ;  and  the  presence  of  salicin  in  any  bark  may 
thus  be  ascertained.    It  has  been  employed  as  a  substitute  for U,e" 
quinia. 

1939.  Veratria,  CMHi2'N06,~288t  the  alkaline  principleof  veratrum  Veratria. 
album,  white  hellebore,  and  colchicum  autumnale,  meadow  saffron, 
has  the  aspect  of  resin,  is  white  and  fusible  at  about  240°.  Alco- 
hol and  ether  dissolve  it.  It  has  no  smell,  but  when  drawn  into  the 
nostrils,  even  in  minute  quantity,  it  produces  violent  and  long-con« 
tinued  sneezing.  Its  taste  is  excessively  acrid,  it  occasions  frightful 
vomiting,  and  a  few  grains  are  fatal.* 

1940.  Strychnia  exists  in  the  seeds  or  fruits  of  several  species  of  j 
strychnos,  particularly  in  the  nux  vomica.    It  was  found  also  in  the 
poisonous  matter  called  upas.    It  is  intensely  bitter,  and  requires  Ch 
2500  limes  its  weight  of  boiling,  and  6667  times  its  weight  of  cold    *™  **' 
water  for  solution.    It  is  highly  poisonous  ;  occasioning  violent  con- 
tractions of  the  muscles,  and  tetanus  ;  the  best  antidote  is  infusion  of 
nutgalls,  or  warm  tea.    In  very  small  doses  it  has  been  employed  in 
paralysis,  and  it  is  said  sometimes  with  success. 

1941.  Brucia  resembles  the  foregoing,  and  has  been  found  to  ac- 
company it  in  the  different  vegetable  bodies  which  contain  it.t 

1942.  Narcotina.  CwU^Oa,  =  370.24.  Discovered  by  Desrone  Narcotina. 
in  1803.1    It  is  obtained  from  opium. 

Digest  opium  in  water,  filter  and  evaporate  to  the  consistence  of  an  extract.  Process. 
Ether  digested  on  this  extract  dissolves  the  narcotina  together  with  some  other 
substances.  Distil  off  the  other,  and  dissolve  the  residual  matter  in  hot  water 
or  boiling  alcohol,  digest  the  solution  with  animal  charcoal.  Decant  the  clear 
liquid  and  precipitate  the  narcotina  by  ammonia.  If  not  white,  the  narcotina 
may  be  dissolved  in  hydrochloric  acid,  and  the  solution  be  again  treated  with 
animal  charcoal,  thrown  down  by  ammonia,  washed  and  dried. 

1943.  Narcotina  is  white,  and  is  deposited  from  boiling  ether  or  Character»- 
alcohol  in  needle-form  crystals  of  a  pearly  lustre.    It  does  not  re- 
store the  blue  colour  of  litmus  paper  reddened  by  acids  ;  but  as  it 
combines  with  and  neutralizes  acids  must  be  considered  as  an  alkali.  Act  u  r 

1944.  Its  taste  is  not  bitter.    In  contact  with  hyponitrous  acid  it  hyponi-0 
assumes  a  carmine-red  colour  and  gives  out  red  vapours.    In  about  trous  acid, 
half  a  minute  the  action  increases,  the  narcotina  catches  fire  and  burns 

with  a  large  white  flame.  There  remains  a  blackish  spongy  matter 
consisting  partly  of  charcoal  and  partly  of  bitter  principle  of  Welter, 
or  carbazotic  acid  a  It  is  insoluble  in  cold  water,  very  little  soluble 
in  boiling  water,  but  readily  soluble  in  ether  and  in  fixed  oils. 

1946.  The  salts  of  narcotina  may  be  obtained  by  dissolving  it  in  ^ned0^ 
dilute  acids  and  concentration. 

1946.  It  may  be  introduced  into  the  stomach  without  producing  JjSjJi? 
any  deleterious  or  even  sensible  effect.    Orfila  administered  it  to  the  amm 

■  Dclphinia  exists  in  the  delphinium  $laphysagria,  or  stavesacre. 

t  Emetia  or  Emetina  is  obtained  from  the  various  roots  sold  under  the  name  of  ipe 
cacuanha.   These  are  the  roots  of  the  cepkalis  emtiica,  caUicocca  ' 
viola  cmetica.   T.  263.  X  Arm.  de  Chim.  xlv.  257. 

%Jour.  de  Pharm.  xxii.  382. 
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amount  of  several  drachms  a  day,  without  perceiving  any  action 
whatever.    It  was  speedily  fatal  however  to  dogs. 

1947.  Morphia— Morphina.  C„H„NOs,  -  294.  This  is  one  of 
the  most  important  of  the  vegetable  alkalies,  and  the  principle  on 
which  the  narcotic  properties  of  opium  depend  ;  insoluble  in  cold 
water;  boiling  water  dissolves  about  ^  of  its  weight  of  it;  dis- 
solved by  boiling  alcohol,  crystallizing  in  six  and  four-sided  prisma, 
tasteless  when  pure.  Extremely  bitter  when  rendered  soluble  by 
alcohol  or  an  acid. 

1948.  Nitric  acid  changes  its  colour  to  orange-red,  which  gradu- 
ally passes  into  yellow.  By  heat  the  transparent  crystals  lose  6$ 
per  cent,  of  water  and  become  opaque  and  white.  If  the  heat  is 
increased  the  morphia  melts,  and  forms  a  yellow  liquid,  which  be- 
comes white  and  crystalline  on  cooling:  by  continuing  the  heat,  it 
gives  out  a  resinous  odour,  and  burns  with  a  red  flame. 

1949.  Morphia  is  obtained  by  various  processes  ;*  the  following 

is  recommended  by  Thomson  : 

Macerate  opium  in  twice  its  weight  of  water  for  24  hours,  agitating  the  mix- 
ture occasionally  to  promote  solution.  Decant  and  pour  over  the  undissolved 
portion  a  new  quantity  of  distilled  water,  equal  to  the  portion  first  employed. 
Repeat  this  process  four  times,  or  till  everything  soluble  in  cold  water  be  taken 
up.  If  the  opium  be  of  good  quality,  about  three  fourths  of  it  will  be  dissolved 
and  the  remaining  fourth  remains  in  a  solid  state.  Filter  the  solutions  thus  ob- 
tained, and  evaporate  the  whole  to  dryness  in  a  low  heat  to  prevent  any  portion 
of  the  residue  from  being  decomposed  or  injured.  Pour  distilled  water  upon  tb» 
dry  residue.  The  whole  will  dissolve  except  a  brilliant  crystalline  matter, 
which  is  narcotina.  Heat  the  solution  to  the  temperature  of  212°  and  add  to  it 
ammonia  in  slight  excess.  Boil  the  mixture  for  ten  minutes,  to  drive  off  this  ex- 
cess,  and  then  allow  the  liquid  to  cool.  The  morphia  precipitates  in  crystals, 
pretty  pure  ;  but  a  portion  of  it  swims  on  the  surface,  mixed  with  impurity.  If 
the  moruhia  thus  obtained  be  digested  in  sulphuric  ether,  a  portion  ol  narcotin* 
is  dissolved,  and  the  morphia  is  rendered  more  pure.    It  may  be  rendered  quite 

Sure  by  dissolving  it  in  boiling  alcohol,  digesting  the  solution  with  ivory  buck, 
Itering  and  crystallizing.  This  process  should  be  repeated  three  or  four  times, 
in  order  to  free  the  morphia  from  all  impurity.  An  easier  mode  of  purifying  it 
is  to  dissolve  it  in  sulphuric  acid,  taking  care  to  avoid  an  excess  of  acid.  By 
evaporation  the  sulphate  of  merphia  is  obtained  in  crystals.  Let  this  salt  be  de- 
composed by  digesting  it  with  magnesia.  The  sulphate  of  magnesia  is  washed 
off,  and  the  morphia,  which  is  mixed  with  the  excess  of  magnesia  employed,  w 
to  be  dissolved  in  boiling  alcohol,  and  crystallized. 

Opium  yields  at  an  average  about  ^  of  its  weight  of  pure  mor- 
phia. 

1950.  When  pure,  owing  to  its  insolubility,  it  is  almost  inert; 
for  Orfila  gave  twelve  grains  of  it  to  a  dog  without  its  being  fol- 
lowed by  any  sensible  effect.  In  a  state  of  solution,  on  the  contrary, 
it  acts  on  the  animal  system  with  great  energy,  Sertuerner  having 
noticed  alarming  symptoms  from  so  small  a  quantity  as  half  a  grain. 
From  this  it  appears  to  follow  that  the  effects  of  an  over-dose  of  a 
salt  of  morphia  may  be  prevented  or  diminished  by  giving  a  dilute 
solution  of  ammonia,  or  an  alkaline  carbonate,  so  as  to  precipitate 
the  vegetable  alkali. 

1951.  Many  experiments  have  been  made  to  discover  a  ready 
mode  of  detecting  morphia,  and  distinguishing  it  from  other  bodies. 

'  When  this  alkaline  substance,  or  any  of  its  salts,  is  placed  in 


contact 


*  For  which  —  B.  ii.  512 ;  Edin.  Med.  and  Surg.  Jour.  Nos.  107  and  111 ;  Amtr. 

.  xiii.  27. 
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with  a  neutral  solution  of  a  neutral  salt  of  peroxide  of  iron,  it  strikes  a    ggci  I. 
blue  colour.    The  addition  of  a  slight  excess  of  acid  causes  this  co- 
lour to  disappear  immediately.    The  addition  of  too  much  water 
causes  the  blue  colour  to  pass  into  red. 

1952.  When  opium  is  administered  as  a  poison,  its  presence  is 
rendered  obvious  by  the  peculiar  odour  of  that  drug,  as  well  as  by  the 
red  tint  given  to  persalts  of  iron  by  the  meconic  acid  of  the  opium ; 
but  when  death  is  occasioned  by  a  salt  of  morphia,  it  becomes  neces- 
sary to  eliminate  the  morphia,  a  practical  process  of  considerable  de- 
licacy. The  method  suggested  by  Lassaigne  for  detecting  acetate  Lwsaigne's 
of  morphia,  may  be  applied  to  its  saline  combinations  in  general.*  ine"MXl' 

The  suspected  solution  is  evaporated  by  a  temperature  of2!2°,  and  the  residue 
treated  with  alcohol,  by  which  the  salt  ot  morphia,  together  with  osniazome  and 
some  salts,  is  dissolved.  The  alcohol  is  next  evaporated,  and  water  added  to 
separate  fatty  matter.  The  aqueous  solution  is  then  set  aside  for  spontaneous 
evaporation,  during  which  the  salt  of  morphia  is  generally  deposited  in  crystals. 
From  an  aqueous  solution  of  the  salt,  ammonia  throws  down  a  crystalline  precipi- 
tate, which  may  be  recognised  as  morphia  by  the  combination  of  the  following 
characters  :— ■  By  the  figure  of  its  crystals ,  its  bitter  taste  ;  solubility  in  alcohol ; 
alkalinity  :  by  the  orange-red  tint  developed  by  nitric  acid  .  and  by  the  peculiar 
action  of  iodic  acid.  The  last  character  is  particularly  valuable  in  distinguishing 
morphia  from  other  vegetable  alkalies :  the  latter  combine  with  iodic  acid  and 
form  iodates  ;  but  morphia  decomposes  iodic  acid,  and  sets  iodine  free,  which 
may  then  be  delected  by  starch.  A  grain  of  morphia  in  7000  grains  of  water 
may  be  discovered  by  this  test. I  T. 

1953.  Hydrocfdorate  of  Morphia.    This  salt  is  much  employed  in  Hydro- 
Edinburgh  as  a  medicine.*    It  crystallizes  in  needles,  and  dissolves  c  ormle' 
in  from  15  to  20  times  its  weight  of  cold,  and  in  less  than  its  weight 

of  boiling  water. 

1954.  Acetate  of  Morphia  is  less  convenient  in  medical  practice 
than  the  foregoing  salt,  being  variable  in  constitution.  It  is  apt  to 
lose  a  portion  of  its  acid,  even  when  kept  in  crystals  ;  and  during 


•  Ann.  de  Chim.  et  de  Phyt.  xxv.  102. 

t  Senilis*.    Rohinet,  in  Jour,  de  P/utrm.  xiii.24.   For  Hare's  method  of  delecting 
quantities  of  opium,  see  Amer.  Jour.  xii.  290. 


•  The  method  of  preparing  it  now  in  general  use  wan  suggested  by  Robertson,  and  or*s<wy'»  p*» 
improved  bv  Gregory  and  Robiquet,  Edin.  Med.  and  Surg.  Jour.  Nos.  107  and  III,  STorlwi/^ 
and  Jour,  de  Pharm.  xix.  166.  The  aqueous  solution  of  opium  is  concentrated  in  a  morpia* 
vessel  of  tinned  iron,  to  the  consistence  of  a  thin  syrup,  when  a  slight  excess  of  chloride 
of  calcium,  neutral,  and  quite  free  from  iron,  is  added.  The  mixture  is  boiled  for  a 
few  minutes,  and  then  poured  into  an  evaporating  basin.  Resinous  flocks,  meconate 
of  lime,  and  colouring  matter  precipitate.  Bui  this  last  matter  does  nut  separate  well 
unless  the  liquid  has  been  sufficiently  concentrated.  After  this  deposit  has  subsided, 
the  clear  liquid  is  evaporated  on  the  sand-bath.  During  the  evaporation  a  new  depo- 
sition takes  place,  which  must  be  separated  before  the  liquid  1«  allowed  to  crystallize. 
The  concentrated  liquid  is  now  to  he  allowed  to  cool,  under  constant  agitation.  The 
crystals  of  bydrochlorate  of  morphia  are  deposit*!  in  abundance.  They  are  to  be  put 
into  a  stout  cloth,  and  subjected  to  pressure,  which  squeezes  out  a  black  liquid,  con- 
taming  various  impurities.  The  crystals  are  now  to  be  dissolved  in  water,  at  70°, 
filtered  through  cloth,  mixed  with  a  little  chloride  of  calcium,  crystallized  and  com- 
pressed as  before.  These  crystals  arc  again  dissolved  in  water,  the  liquid  is  satu- 
rated with  chalk  and  animal  charcoal  being  added,  tbe  whole  is  digested  for  24  hours 
at  194°.  It  is  then  filtered  and  concentrated.  The  crystals  are  deposited  rapidly,  and 
when  freed  from  the  mother  water  they  are  while  and  neutral.  The  salt  thus  ob- 
tained i*  dried  at  a  temperature  of  160°.  It  usually  amounts  to  about  one  tenth  of 
the  weight  of  opium  employed,  and  consists  of  hydrochlorate  of  morphia  and  a  little 
hydrocblorate  of  codeina;  from  which  it  might  probably  be  freed  by  digesting  in 
T  Org.  Bodies,  271. 
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cbmp.  vn.  the  evaporation  crystals  of  morphia  are  sometimes  deposited.    It  is 
readily  formed  by  dissolving  morphia  in  acetic  acid  *  .... 

1955  Codeia  was  discovered  in  1832,  by  Robiquet,  in  the  hydro- 
chlorate  of  morphia  made  by  Gregory's  process.  (1953  n.)  Ammonia 
added  to  a  solution  of  this  substance  in  water  precipitates  the  mor- 
phia, leaving  the  codeia  in  solution,  which  can  be  separated  by 
crystallization.  It  has  an  alkaline  reaction,  fuses  when  heated  to 
300°,  does  not  render  nitric  acid  red,  and  is  more  soluble  in  water 
than  morphia. 

1956.  In  doses  of  from  4  to  6  grains  it  produces  an  excitement 
similar  to  intoxication,  which  is  followed  by  depression,  nausea,  and 

vomiting.  _  „  . 

1957.  Narceia\  is  another  alkali  discovered  by  Felletier  in  the 
watery  infusion  of  opium.  It  is  white  and  crystalline,  melting  at 
about  200°.  Its  salts  are  blue  when  dissolved  in  a  particular  quan- 
tity of  water,  the  colour  changing  to  violet  and  red  as  it  is  increased. 

1953.  Thebaia  is  the  name  of  an  alkaline  principle  found  in  opium, 
which  is  considered  the  same  as  the  paramorphine  of  Pelletier.  It 
white,  crystalline,  soluble  in  ether,  and  fuses  at  266°. 

1959.  Meconia.  C0H5O4.  This  is  another  constituent  of  opium, 
but  is  not  possessed  of  alkaline  properties,  and  contains  no  nitrogen. 
It  is  found  in  minute  quantity,  opium  yielding  but  about  of  its 
weight  of  meconia.  It  is  white,  has  no  odour,  and  when  first  pat 
into  the  mouth  has  no  taste,  but  soon  imparts  an  impression  of  acri- 
dity. It  is  soluble  in  water,  alcohol  and  ether.  It  fuses  at  194  . 
It  resembles  fat  in  appearance.* 

1960.  Brucia  or  Brucina  resembles  strychnia  (1940),  and  may  be 
procured  from  the  nux  vomica  in  small  quantity,  and  also  from  the 
Brucia  and-dysenterica*  Like  morphia,  it  strikes  a  deep  red  tint 
with  nitric  acid,  and  strychnia,  which  produces  this  effect,  is  consi- 
dered as  containing  a  small  portion  of  brucia.  It  acts  upon  animals 
like  strychnia,  but  is  a  less  active  poison.    It  is  intensely  bitter. 

1961.  Conia  is  the  active  principle  of  conium  maculatum,  or  hem- 
lock, and  next  to  hydrocyanic  acid,  the  most  virulent  poison  known.|| 

1962.  Parillia  or  PariUina  exists  in  the  root  of  smilaz sasaparilla, 
common  sasaparilla  of  commerce.    It  is  white,  of  a  peculiar  odour, 

   — 

*  The  basis  of  Battley'a  sedative  liquor  is  supposed  to  be  acetate  of  morphia- 

t  Probably  from  y«oxr/,  torpor. 

t  From  40  lbs.  of  opium  Couerbe  obtained 

50  ounces  of  morphia, 
1^   "  codeia, 
l     "  thebaia, 


1     «  «,.««..,., 
}     "  narceia. 

Colour  produced  by  agitating  the  preceding  substances  with  sulphuric  acid  mixed 

with  a  little  nitric  acid  ; 

Morphia  gites  a  brownish  colour. 
Codeia        M    green  " 
Thebaia      "    yellow  rose  " 
Meconia      "    turmeric  yellow  and  then  a  red 
Narceia      "    chocolate    «  (Reid.) 
$  False  angwtura,  the  seeds  of  which  were  brought  from  Abyssinia  by  the  trattlkt 

Bruce. 

j|  See  Chriatiaon  in  7Von*.  Edin.  Roy.  Soc.  xiii. 
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a  sharp  bitter  taste,  and  nauseous.    When  swallowed  to  the  extent  s«*.n. 
of  13  grains,  it  occasions  nausea,  vomiting,  diminishes  the  rapidity 
of  the  pulse,  and  acts  as  a  sudorific. 

1963.  Nicotina  exists  in  the  leaves  and  seeds  of  tobacco.    At  Nkotiaa. 
common  temperatures  it  is  a  liquid  of  the  consistence  of  honey,  of 

an  acrid  taste  and  a  brown  colour.  It  is  a  virulent  poison.  Its  salts 
are  distinguished  by  their  taste  of  tobacco  and  their  acrid  causticity* 

Section  II.    Intermediate  Bodies. 

1964.  In  this  class,  which  is  merely  temporary,  Thomson  has 
placed  all  the  vegetable  principles  which  seem  capable  of  entering 
into  definite  compounds  with  other  bodies,  and  which  have  not  as 
yet  been  proved  by  satisfactory  experiments  to  be  either  acid  or 
alkaline. 

Alcohol  and  its  Compounds. 

• 

1965.  Alcohol,  C4HsO+HO,  eq.  46.00,  is  the  intoxicating  ingre-  Alcohol, 
dient  of  all  spirituous  and  vinous  liquors.    It  does  not  exist  ready 
formed  in  plants,  but  is  a  product  of  the  vinous  fermentation. 

1966.  Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling  Spirit  of 
whiskey  or  some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  Wlne* 
procured  by  a  second  distillation/  The  former  has  a  sp.  gr.  of 
about  0.867,  and  the  latter  of  0.835  or  0.84.    In  this  state  it  contains 

a  quantity  of  water,  from  which  it  may  be  freed  by  the  action  of 
substances  which  have  a  strong  affinity  for  that  liquid. 

Thus,  when  carbonate  of  potassa  heated  to  300°  is  mixed  with  spirit  of  wine,  purified 
the  alkali  unites  with  the  water,  forming  a  denso  solution,  which,  on  standing, 
separates  from  the  alcohol,  so  that  the  latter  may  be  removed  by  decantation. 
To  the  alcohol,  thus  deprived  of  part  of  its  water,  fresh  portions  of  the  drj  carbo- 
nate axe  successively  added,  until  it  falls  through  the  spirit  without  being  moist- 
ened. Other  substances,  which  have  a  powerful  attraction  for  water,  may  be 
substituted  for  carbonate  of  potassa.  Gay-Lussac  recommends  the  use  of  pure 
lime  and  baryta  ;t  and  dry  alumina  may  also  be  employed. 

A  very  convenient  process  is  to  mix  the  alcohol  with  chloride  of  calcium  in 
powder,  or  with  quicklime,  and  draw  off  the  stronger  portions  by  distillation. 
Another  process,  which  has  been  recommended  for  depriving  alcohol  of  water,  is 
to  put  it  into  the  bladder  of  an  ox,  and  suspend  it  over  a  sand-bath. 

The  strongest  alcohol  which  can  be  procured  by  any  of  these  pro- 
cesses has  a  sp.  gr.  of  0.796  at  60°  F.  This  is  called  absolute  alco- 
hol, to  denote  its  entire  freedom  from  water. 


♦The  following  table  exhibits  the  quantity  of  this  substance  yielded  by  1000  parts 
of  various  kinds  of  tobacco: 

Cuba  .....  8.64 
Maryland  ....  558 

Virginia  .....  10.00 
lie  de  Vilain      .  .  .  .  1!  .20 

Lot  ....  648 

North  ....  11.28 

Lot-et  Qaronn  .  .  .  8. 20 

For  smoking      ....  3.86 

T.  Organic  Bodie;  286. 

Several  other  principles  analogous  to  the  foregoing,  have  been  obtained  from  vari- 
ous plants,  on  which  their  activity  depends.  These  have  been  particularly  described 
together  with  the  processes  for  obtaining  them  in  Thomson's  late  volume. 

lAn.de  Ch.  lxxx»i.  t  Jour  de  Soi.  xviii. 
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chap  vii.  1967.  An  elegant  and  easy  process  for  procuring  absolute  alcohol, 
Absolute  has  been  proposed  by  Graham.*  A  large  shallow  basin  is  covered 
to  a  small  depth  with  quicklime  in  coarse  powder,  and  a  smaller  one 
containing  three  or  four  ounces  of  commercial  alcohol  is  supported 
just  above  it  The  whole  is  placed  upon  the  plate  of  an  air-pump, 
covered  by  a  low  receiver,  and  the  air  withdrawn  until  the  alcohol 
evinces  signs  of  ebullition.  Little  alcohol  evaporates,  as  its  vapour 
is  not  condensed  by  lime,  but  all  the  water  evaporates  and  its  vapour 
is  absorbed  by  the  lime.  Common  alcohol  is  in  this  way  entirely 
deprived  of  water  in  the  course  of  about  five  days.  The  tempera- 
ture should  be  preserved  as  uniform  as  possible  during  the  process. 
Sulphuric  acid  cannot  be  substituted  for  quicklime,  since  both  va- 
pours are  absorbed  by  this  liquid. 

1968.  According  to  Soemering  when  spirit  of  wine  is  enclosed  in 
periments.  a  bladder,  and  exposed  for  some  time  to  the  air,  it  is  converted  into 
alcohol,  the  water  only  escaping  through  the  coats  of  the  bladder.t 
Chriati-     But  the  recent  experiments  of  Christison  do  not  confirm  this,  who 
periments  f°una<  lnat  sP>r>l»  whatever  its  strength,  became  weaker  when  thus 
*  exposed.    They  however  confirm  the  results  obtained  by  Graham, 
and  absolute  alcohol  of  the  density  of  .796  was  obtained  in  two 
months  by  exposing  rectified  spirit  in  an  open  cup  enclosed  in  a  con- 
fined space  with  quicklime.! 
Properties.     1969.  Alcohol,  obtained  by  slow  and  careful  distillation,  is  a  lim- 
pid, colourtess  liquid,  of  an  agreeable  smell,  and  a  strong  pungent 
flavour.    Its  specific  gravity  varies  with  its  purity  ;  the  purest  ob- 
tained by  rectification  over  chloride  of  calcium  being  .791  ;  as  it 
usually  occurs  it  is  .820  at  60°.    If  rendered  as  pure  as  possible  by- 
simple  distillation,  it  can  scarcely  be  obtained  of  a  lower  specific  gra- 
vity than  .825,  at  60°.    Absolute  alcohol  boils  at  1684°  F.v 

1970.  Hutton  is  said  to  have  succeeded  in  freezing  alcohol,  but 
the  fact  is  doubtful,  as  the  means  by  which  he  effected  its  congela- 
tion were  never  disclosed.  Walker  exposed  it  to  a  temperature  of 
—91  but  no  congelation  took  place.  Even  when  diluted  with  an 
equal  weight  of  water,  it  requires  a  cold  of  6°  below  0  to  congeal  it. 
When  of  a  specific  gravity  of  .810,  it  boils  at  the  temperature  of 
173.5°,  the  barometrical  pressure  being  30  inches.  In  the  vacuum  of 
an  air-pump  it  boils  at  common  temperatures. 

1971.  Alcohol  may  be  mixed  in  all  proportions,  with  ,9°" 
water,  and  the  specific  gravity  of  the  mixture  is  greater 
than  the  mean  of  the  two  liquids,  in  consequence  of  a  di- 
minution of  bulk  that  occurs  on  mixture,  as  may  be  shown 
by  the  following  experiment : 

Fig.  190  represents  a  tube  with  two  bulbs,  communicating  with 
each  other,  the  upper  one  being  supplied  with  a  well  ground  glass 
stopper.  Fill  the  tube  and  lower  bulb  with  water,  pour  alcohol 
slowly  into  the  upper  bulb,  and  when  full  put  in  the  stopper.  The 
vessel  will  now  be  completely  filled,  the  alcohol  lying  upon  the  wa- 
ter; if  it  be  inverted,  the  alcohol  and  water  will  slowly  mix  and  the 


*  JBrfin.  Phil.  Trans.  1F28. 

t  Quart.  Jour.  viii.  381,  and  Henderson's  Hist,  of  Wines,  Lend.  1824. 
t  Edin.  Phil.  Jour.  July,  1839.  §  Ure. 
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will  be  indicated  by  the  empty  apace  in  the  tube.   A    9m.  II. 


empty  apa< 
in  this  expenmont  i 


considerable  rise  o 
the  condensation. 

1972.  The  strength  of  such  spirituous  liquors  as  consist  of  little  ?l^n^ 
else  than  water  and  alcohol,  is  of  course  ascertained  by  their  specific  tamed*0*'" 
gravity  ;  and  for  the  purpose  of  levying  duties  upon  them,  this  is  as- 
certained by  the  hydrometer.*  But  the  only  correct  mode  of  ascer- 
taining the  specific  gravity  of  liquids,  is  by  weighing  them  in  a  deli- 
cate balance  against  an  equal  volume  of  pure  water,  of  a  similar 
temperature.t  Proof  spirit  contains  equal  weights  of  alcohol  and 
water  ;  so.  gr.  0.917. 

1873.  There  are  other  methods  of  judging  of  the  strength  of  spi- 
rituous liquors,  which,  though  useful,  are  not  accurate,  such  as  the 
taste,  the  size  and  appearance  of  the  bubbles  when  shaken,  the  sink- 
ing or  floating  of  olive  oil  in  it,  and  the  appearances  exhibited  when 
burned ;  if  it  burns  away  perfectly  to  dryness,  and  inflames  gunpow- 
der or  a  piece  of  cotton  immersed  in  it,  it  is  considered  as  alcohol: 
the  different  spirituous  liquors  leave  variable  proportions  of  water 
when  thus  burned  in  a  graduated  vessel. 

1974.  Alcohol  is  extremely  inflammable,  and  burns  with  a  pale  Combus- 
blue  flame,  scarcely  visible  in  bright  daylight.    It  occasions  no  fuli-  tion  of  al- 
ginous  deposition  upon  substances  held  over  it,  and  the  products  of coho1- 
its  combustion  are  carbonic  acid  and   water,  the  weight  of  the 
water  considerably  exceeding  that  of  the  alcohol  consumed.  Ac- 
cording to  Saussure,  jun.,  100  parts  of  alcohol  afford,  when  burned, 

136  parts  of  water,  the  production  of  which  may  be  shown  by  sub- 
stituting the  flame  of  alcohol  for  that  of  hydrogen,  in  the  apparatus 
described  in  Chapter  iii.,  under  the  article  Water  (403),  and 
if  the  tube  at  its  extremity  be  turned  down  into  a  glass  jar,  it  will  be 
found  that  a  current  of  carbonic  acid  passes  out  of  it,  which  may  be 
rendered  evident  by  lime  water. 

There  are  some  substances  which  communicate  colour  to  the 
flame  of  alcohol ;  from  boracic  acid  it  acquires  a  greenish-yellow 
tint ;  nitre  and  the  soluble  salts  of  baryta  cause  it  to  burn  yellow, 
and  those  of  strontia  give  it  a  beautiful  rose  colour;  cu-  Ft*.  191. 
preous  salts  impart  a  fine  green  tinge. 

1975.  Alcohol  dissolves  pure  soda  and  potassa,  but  it 
does  not  act  upon  their  carbonates:  consequently,  if  the 


*  The  hydrometer  of  Bate,  constructed  for  the  Commissioners  of  Great 
Britain,  has  a  scale  of  4  inches  in  length  divided  into  100  parts  and  9 
weights,  giving  a  range  of  900  divisions,  and  expresses  specific  gravities  al 
the  temperature  of  62°  F.  To  render  this  instrument  so  accurate  as  to  in- 
volve no  error  of  appreciable  amount,  the  weights  are  constructed  so  that 
each  successive  weight  has  an  increase  of  bulk  over  the  preceding  weight 
equal  to  that  part  of  the  stem  occupied  by  the  scale,  and  an  increase  of 
weight  sufficient  to  take  the  whole  of  the  scale,  and  no  more,  down  to  the 
liquid.  Pig.  191  represents  this  instrument  and  two  of  its  nine  ballast 
weights.  It  comprehends  all  specific  gravities  between  820  and  1000  and 
indicates  true  sp  gr.  with  almost  perfect  accuracy  at  62°  F.  Ure's  Diet. 
Arts  and  Manuf.  23. 

In  France  the  alooomitre  of  Gay-Lussac  is  employed,  for  which  see  Ibid. 
In  the  United  States  the  hydrometer  of  Dicas  is  used. 

t  In  the  Phil.  Trans,  for  1794,  Gilpin  has  given  a  copious  and  valua- 
ble series  of  tables  of  the  specific  gravity  of  mixtures  of  alcohol  and  water, 
and  of  the  condensation  that  ensues,  with  several  other  particulars.  Other 
tables  by  Tralles  and  Gay-Lussac,  will  be  found  in  Ure's  Did.  Art*  and 
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Chap- vu-  latter  be  mixed  with  alcohol  containing  water,  the  liquor 

into  two  portions,  the  upper  being  alcohol  deprived  to  a  considera- 
ble extent,  of  water,  and  the  lower  the  aqueous  solution  of  the 
carbonate.    The  alcoholic  solution  of  caustic  potassa  was  known  in 
old  pharmacy  under  the  name  of  Van  Helmont's  Tincture  of  Tar- 
Tincture  of  tar>    its  U8e  in  purifying  potassa  has  already  been  stated  (845). 
arur.j^     \Cfl§,        ^   ier  nurT1Der  0f  sulphates  are  insoluble  in  this  men- 
struum, but  it  dissolves  many  of  the  hydrochlorates  and  nitrates.  It 
also  dissolves  the  greater  number  of  the  acids.    It  absorbs  many 
gaseous  bodies.    It  dissolves  the  vegetable  acids,  the  volatile  oils, 
the  resins,  tan,  and  extractive  matter,  and  many  of  the  soaps ;  the 
greater  number  of  the  fixed  oils  are  taken  up  by  it  in  small  quanti- 
ties only,  but  some  dissolve  largely.* 
Alcohates.      1977.  Graham  has  shown  that  alcohol  may  in  many  instances 
be  combined  with  saline  bodies,  performing  as  it  were  the  part  of 
water  of  crystallization.    Such  combinations  may  be  termed  alco- 
hates.   They  are  obtained  by  dissolving  the  substances  by  heat  in 
absolute  alcohol,  and  are  deposited  as  the  solution  cools,  more  or  less 
regularly  crystallized.    They  appear  to  be  definite  compounds,  and 
in  some  of  th  em  the  alcohol  is  retained  by  an  attraction  so  powerful, 
as  not  to  be  evolved  at  a  temperature  of  400°  or  500°.t 
Dec,,,.        1978.  When  the  vapour  of  alcohol  is  passed  through  a  red-hot 
position,    copper  tube,  it  is  decomposed,  a  portion  of  charcoal  is  deposited,  and 

a  large  quantity  of  carburetted  hydrogen  gas  is  evolved. 
Alcohol  in  1979.  Alcohol  exists  ready  formed  in  wine  and  spirituous  liquors, 
wine.  and  may  be  collected  without  heat.  Brandet  procured  it  from  wine 
by  precipitating  the  acid  and  extractive  colouring  matters  by  subt- 
cetate  of  lead,  and  then  depriving  the  alcohol  of  water  by  dry  carbo- 
nate of  potassa:  the  pure  alcohol  may  then  be  measured  in  a 
graduated  tube.  Gay-Lussac  obtained  alcohol  from  wine  by  distil- 
ling it  in  vacuo  at  the  temperature  of  60°  F.  He  also  succeeded  in 
separating  the  alcohol  by  the  method  of  Brande ;  but  he  suggests 
the  employment  of  litharge  in  fine  powder,  instead  of  subacetate  of 
lead,  for  precipitating  the  colouring  matter,  y 
Brande's  1980.  The  preceding  researches  of  Brande  led  him  to  examine 
the  quantity  of  alcohol  contained  in  spirituous  and  fermented  liquors. 
According  to  his  experiments,  brandy,  rum,  gin,  and  whiskey,  con- 
tain from  51  to 54  percent,  of  alcohol,  of  specific  gravity  0.825.  The 
stronger  wines,  such  as  Lissa,  Raisin  wine,  Marsala,  Port,  Madeira, 
Sherry,  Teneriffe,  Constantia,  Malaga,  Bucellas,  Calcavella,  and  Vi- 
donia,  contain  from  between  18  or  19  to  25  per  cent,  of  alcohol.  In 
Claret,  Sauterne,  Burgundy,  Hock,  Champagne,  Hermitage,  and 
Gooseberry  wine,  the  quantity  is  from  12  to  17  per  cent.  In  cider, 
perry,  ale,  and  porter,  the  quantity  varies  from  4  to  near  10  per 
cent.  In  all  spirits,  such  as  brandy  or  whiskey,  the  alcohol  is  am- 
ply combined  with  water;  whereas  in  wine  it  is  in  combination  with 

*  It  may  be  remarked  that  many  errors  exist  m  the  published  estimates  of  the  solu- 
bility of  substances  in  alcohol,  arising  from  the  existence  of  water  either  in  the  solvent 
or  substance  dissolved. 

t  Graham  has  examined  the  alcoholic  combinations  of  chloride  of  calcium,  nitrate 
of  magnesia,  &cc.  see  Quart.  Jour.,  N.  S.,  Dec  1828. 

t  Phil.  Trant.  1 81 1  and  1 81 3.  S  Mem.  cfAreueU,  vol.  iii. 
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mucilaginous,  saccharine,  and  other  vegetable  principles,  a  condition  8tt.n. 
which  tends  to  diminish  the  action  of  the  alcohol  upon  the  system.* 

1981.  From  recent  experiments  Christison  is  of  opinion  thnt  the  christi- 
alcoholic  strength  of  many  wines  has  been  overrated.  The  follow-  son's  r« 
ing  table  shows  some  of  his  results;  the  first  column  gives  the  per-6 
centage  of  absolute  alcohol  of  sp.  gr.  793.9,  by  weight,  and  the 
second  the  per-centage  of  proof-spirit  sp.  gr.  920  by  volume. 

Alcohol  p.  c    P.  Sp.  p.  c. 

By  W«V  By  Vol. 

Port— weaken   14.97  30.56 

mean  of  7  wine*            -         -         -  16  20  33.91 

strongest       .....  17.10  37.27 

white  port          •         -         -         -  14  97  31.31 

Sherry— weakest   13.98  30.84 

mean  of  13  wines,  cxpluding  those  very  long 

kept  in  casks  ....  15.37  33.59 

strongest         ....  16.17  35.12 
mean  of  9  wines  very  long  in  cask  in  the 

East  Indies 
Madre  da  Xeres 

Madeira  \  *\l.lon*  inlcaf.k  in  I 

t   the  hast  Indies    )  wi 

Teneriffe,  long  in  cask  at  Calcutta, 

Cereial  - 


Dry  Lisbon  .... 
Claret,  a  first  growth  of  1811 
Chateau-Latour,  first  growth  1825 
Ordinary  Claret,  a  superior  "  vin  ordinaire' 
Malmsey  -  - 

Rudcxheimer,  superior  quality 

Do  interior 
Giles'  Edin.  Ale  before  bottling 
Same  ale  2  years  in  bottle 

1 3ii  Porter  1  months  bottled 


1472 

16.90 
14.09 
16.90 
13.84 
15.45 
16.14 
7.72 
7.78 
8.99 
12.86 
8.40 
6.90 
5.70 
6.06 
5.30 


32.30 
37.06 
30.80 
36.81 
30.21 
33.65 
34.71 
16.95 
17.  6 
18.96 
28.37 
M.44 
15.19 
12.60 
13.40 
11411 


1982.  The*  composition  of  alcohol  in  the  state  of  vapour  is  thus  Composi- 
stated  by  Thomson  :  Uo»  .of  * 

J  co ho I  va- 

1  vol.  olefiant  gas   0  9722  sp.  gr.  pour  ac- 

1   "  vapour  of  water        ....      0.6250     u  cording  to 

  Thomson, 

1.5972  » 

condensed  into  1  vol. ;  so  that  its  sp.  gr.  is  1.5972  when  in  the  state 
of  vapour. 

1983.  Olefiant  gns  is  a  compound,  2  vols,  carbon  vapour,  and  2 
vols,  hydrogen  gas  united  together,  and  condensed  into  1  volume. 
So  that  a  vol.  of  it  is  equivalent  to  2  atoms  of  carbon,  and  2  atoms 
hydrogen. 

1984.  Liebig  has  given  another  view  of  the  composition  of  alcohol,  Liebig's 
founded  upon  the  experiments  lately  made  to  determine  the  compo-*»ew. 
sition  of  ether.    According  to  him,  ether  contains  no  water,  but  is 
composed  of  C4H5+0,  or  it  is  an  oxide  of  (C4H5).    Alcohol  is  a  hy- 
drate of  ether,  or  it  consists  of  (C4H50)-f-HO.    This  view  recom- 
mends itself  by  its  simplicity,  and  by  the  facility  which  it  presents  to 

us  in  explaining  the  nature  of  the  numerous  compounds  formed  by 
means  of  alcohol.t 


♦For 
t 


table  of  proportion  of  alcohol  in  wines,  see  his  Chem.  ii. 
.  Jour.  July,  1839.  t  Thomson,  Org.  Bodies,  300. 
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Ch«p.  vii.  1186.  Aldehyde.*  This  remarkable  substance  was  first  noticed  by- 
Aldehyde.  Dobereiner,  but  has  been  particularly  examined  by  Liebig.t 

19S6.  It  is  a  colourless  liquid,  having  a  peculiar  ethereal  smell 
and  is  obtained  by  passing  the  vapour  of  ether  through  a  large  glass 
tube  heated  to  redness.  The  products  being  introduced  into  sulphu- 
ric ether,  the  aldehyde  is  retained  in  combination.  Dry  ammoniacal  gas 
is  then  passed  into  the  solution,  which  forms  a  crystalline  compound 
with  the  aldehyde,  termed  ammonia  aldehyde.  From  this  compound  it 
is  procured  by  adding  an  equal  weight  of  water,  and  then  diluted  sul- 
phuric acid  to  unite  with  the  ammonia,  heating  it  afterwards  in  a 
retort.t  The  product  of  distillation  is  hydrated  aldehyde,  which  is 
separated  from  the  water  by  distilling  it  from  chloride  of  calcium. 

1997.  Aldehyde  may  also  be  formed  by  the  action  of  spongy  pla- 
tinum with  air  and  alcohol,  or  by  distillation  from  4  parts  of  water 
and  4  of  alcohol,  mixed  with  6  of  peroxide  of  manganese,  and  6  of 
aqueous  sulphuric  acid. 

1988.  It  is  very  volatile,  of  sp.  gr.  0.790,  and  boiling  at  71$'. 
Its  vapour  when  inhaled  produces  a  kind  of  cramp  in  the  stomach. 
It  combines  with  water  in  all  proportions,  with  evolution  of  heat.  It 
takes  fire  readily,  burning  with  a  pale  flame  and  much  light.  Kept 
in  a  vessel  full  of  air  it  absorbs  oxygen,  and  is  converted  into  very 
concentrated  acetic  acid  ;  this  is  promoted  by  spongy  platinum. 
A  solvent.  1989."  Aldehyde  dissolves  sulphur,  phosphorus,  and  iodine  ;  ab- 
sorbs chlorine  and  bromine  with  production  of  hydrochloric  and  hy- 
drobromic  acids. § 

Action  on      1990.  When  heated  with  water  and  oxide-of  silver,  at  first  mode- 
oxide  of     rately  and  then  raised  to  the  boiling  temperature,  itt  a  glass  tube,  the 
«Wer.       sj|ver  js  revive(j  an(j  covers  the  glass  with  a  brilliant  coating.  The 
oxide  of  silver  is  also  reduced  when  a  few  drops  of  ammonia  are  ad- 
ded to  aqueous  aldehyde  and  it  is  heated  with  the  oxide,  affording  an 
easy  method  of  ascertaining  the  presence  of  the  smallest  quantity  of 
aldehyde  in  any  liquid. 
Liebig't        1991.  When  kept  in  vessels  to  which  air  has  access,  oxygen  is 
analysis,    absorbed,  and  prismatic  crystals  are  formed,  which  fuse  at  212^,  and 
at  a  higher  temperature  sublime.    They  are  hard,  inflammable,  and 
soluble  in  alcohol  and  ether. 

1992.  Liebig  analysed  aldehyde  by  heating  it  with  oxide  of  cop- 
per ;  the  result  was  as  follows  : 

Carbon  -  -  53  67  or  4  atoms  =3.0  or  per  cent.  54.55 
Hydrogen  -  8.97  or  4  "  =  0.5  or  »  9.09 
Oxygen    -      -      37.36   or  2   «     =2.     or     "  36.36 

100.00  5.5  100.00 

*  From  alcohol  dehydratu*. 

1  Ann.  de.  Chim.  et  Phya.  lut.  296,  and  Ann.  de  Phom.  xir.  1 J3. 
t  For  minute  details,  see  T.  Organic  Bodies,  301. 

9  Liehig  is  of  opinion  that  in  these  reactions  the  aldehyde  it  changed  into  chlord 
and  bromal. 


Digitized  by  Google 


Acttal 


447 


The  density  of  its  vapour  he  found  1.S32.*  Socu  u. 

1993.  Aldehyde  resin  is  produced  when  potassa  is  dissolved  in  Aldehyde 
alcohol,  and  most  speedily  when  the  access  of  air  is  permitted.    It  re*"1- 

is  to  the  presence  of  this  substance  that  the  alcoholic  solution  of  po- 
tassa owes  its  reddish-brown  colour.  It  is  produced  also  when  a 
solution  of  potassa  in  alcohol  and  acetal  is  exposed  to  the  air.  This 
is  a  useiul  character  to  enable  us  to  distinguish  acetal  from  acetic 
ether  and  other  ethereal  liquids.  All  the  liquids  containing  alde- 
hyde assume  a  reddish-brown  colour  when  heated  with  potassa  ;  and 
when  diluted  with  water  the  resin  of  aldehyde  separates  in  brown 
flocks.t 

1994.  Acetal  was  obtained  by  Dobereiner  by  the  following  pro-  Acetal. 
cess  : 

Place  alcohol  of  sp.  gr.  0.8631  upon  a  saucer  and  in  the  saucer  a  support,  the  Process, 
top  of  which  is  raised  a  few  lines  above  the  alcohol ;  upon  the  support  place  a 
□umber  of  watch  glasses  having  a  quantity  of  spongy  platinum  in  each.  Cover 


the  whole  with  a  bell  glass,  open  above,  standing  in  the  saucer  so  that  the  va- 
pours which  condense  may  fall  back  into  the  alcohol.  The  apparatus  is  left  in  a 
place  not  too  cool  till  the  alcohol  acquires  a  very  acid  taste.  The  whole  is  then 
distilled  over  carbonato  of  lime.  To  the  product  of  this  distillation  add  chloride 
of  calcium  in  powder,  which  causes  the  separation  of  an  ethereal  liquor,  to  which 
Liebig  has  given  the  name  of  acetal. 

1995.  Acetal  is  colourless,  and  of  sp.  gr.  0.S23  ;  it  boils  at  203°  ;  Properties, 
burns  with  a  bright  flame,  and  by  the  action  of  spongy  platinum  is 
converted  into  acetic  acid.     It  may  be  considered  as  C4H4  -f- 

HjoijM 

*  If  we  consider  the  vapour  as  composed  of  4  vols-  carbon  vapour,  4  vols,  hydrogen 
gas,  aud  1  vol.  oxygen  gus,  condensed  into  2  vols,  we  have 

4  vols,  carbon  vapour  =1.6666 
4  "  hydrogen  gas  =0.2777 
I  vol.  oxygen     "  =1.1111 

2)2.9555 

1.4777  =  sp.  gr. 

of  aldehyde  vapour.   The  vapour  then  is  composed  of  4  vols,  carbon,  4  vols,  hydro- 
gen and  1  vol.  oxygen  condensed  into  2  vols. 

It  is  easy  to  see  how,  by  means  of  oxygen,  aldehyde  is  converted  with  such  facility 
into  aceUc  acid, 

Acetic  acid  -  -  C4Ha03 

Aldehyde  -  -  -  C4H402 

If,  therefore,  the  oxygen  combine  with  one  of  the  atoms  of  hydrogen,  and  convert  it 
into  water,  while  another  atom  of  oxygen  replaces  the  hydrogen,  it  is  obvious  that  al- 
dehyde will  become  acetic  acid.  Liebig  is  of  opinion  that  there  exists  an  unknown 
basis  composed  of  C<t  Ha,  to  which  he  has  given  the  name  of  alde-hyden.  The 
oxide  of  ibis  basis  is  C»  II,  O,  and  when  this  oxide  is  combined  with  an  atom  of  wa- 
ter, it  constitutes  aldehyde,  the  true  formula  for  which  is  C<  Ha  O+HO.  Acetic  acid 
is  C«  H  i  Oj  +  HO.  It  is  obvious  also  that  aldehyde  and  alcohol  differ  from  each 
other  merely  by  the  aldehyde  containing  2  atoms  less  hydrogen  than  alcohol. 

Alcohol  is      -      -      C4  He  Oa 
Aldehyde  is   -      -      C<  H<  O      (Thomson,  304.) 

t  Aldehydic  Acid  is  prepared  from  aldehyde  and  oxide  of  silver,  and  is  composed  of  .,.  .  .  . 
C4H4O3.   It  differs  from  acetic  acid  merely  iu  containing  an  additional  atom  of  hy-  e 
drxwjen. 

Bromide  and  Iodide  of  Aldehyden  have  been  discovered,  for  which  see  T.  307. 

X  For  some  other  compounds  see  T.  Org.  Bodies,  310.  Thomson  has  given  the 
name  of  dcutocarbohydrogen  to  defiant  gas,  and  shown  its  relation  to  aldehyden  as 
follows : 

Aldehyden  .  .  C4  H» 

Chloride  of     "  .  C«Ha  +  Cl 

>f     "  .  C4H»+Br 
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Chap.  VII. 
ChlonU. 


Proper  tie*. 


Insoluble 
chloral. 


suipnunc 

ether. 

Process. 


1996.  Chloral*  was  discovered  by  Liebig.  It  is  obtained  by 
passing  a  current  of  dry  chlorine  gas  through  absolute  alcohol.  A 
prodigious  quantity  of  chlorine  is  necessary  and  a  great  deal  of  hy- 
drochloric acid  is  formed. t 

1997.  It  is  liquid,  colourless,  tasteless,  of  a  penetrating  odoar,  and 
of  an  oily  appearance.  It  combines  with  water,  sulphur,  bromine  and 
iodine  ;  is  decomposed  when  heated  with  different  earths  and  metals, 
metallic  chlorides  being  formed.! 

1998.  Liebig  has  given  the  name  of  insoluble  chloral  to  the  sob- 
stance  formed  when  chloral  is  left  to  the  action  of  concentrated  sul- 
phuric acid  at  common  temperatures.  During  the  conversion  of 
alcohol  into  chloral,  the  alcohol  loses  5  atoms  of  hydrogen  and  gains 
3  atoms  of  chlorine.  For  every  atom  of  alcohol  converted  into  chlo- 
ral 10  vols,  of  hydrochloric  acid  are  formed,  and  3  vols  of  chlorine 
enter  into  chemical  combination  with  it.  T. 

1999.  Ethnic  CuH170,  eq.  =  l21.  This  substance  has  been  de- 
scribed by  Thomson  in  this  place  from  its  analogy  to  alcohol  and 
sulphuric  ether.  It  was  obtained  by  Chevreul  from  spermaceti  or 
cetine.    With  sulphuric  acid  it  forms  sulphocetic  acid. 

2000.  Ether.  This  name  has  been  given  to  the  light,  volatile, 
inflammable;  and  fragrant  liquids,  obtained  by  distilling  in  a  glass 
retort  a  mixture  of  alcohol  and  any  strong  acid.  The  different  kinds 
of  ether  have  been  distinguished  by  the  name  of  the  acid  employed 
in  the  process.    That  which  is  best  known  is  sulphuric  ether. 

199     To  prepare  sulphuric  ether,  equal  weights  of  sulphuric  acid  and  alcohol 

0 are  exposed  to  heat  in  a  plain  glass  retort,  pouring  in  the  alcohol  first  and 
then  the  acid  by  a  long  glass  funnel  (Fig.  192),  and  adjusting  the  retort  in  « 
sand-bath  already  heated  to  the  temperature  of  200  ,  in  the 


in  Fig.  193.  The  acid  and 
the  alcohol  should  be  well 
mixed  by  shaking  them  toge- 
ther in  the  retort,  when  the 
temperature  rises  considera- 
bly, and  the  receiver  should 
be  tubulated  to  convey  away 
the  atmospheric  ahr,  and  any 
other  gaseous  products  that 
may  be  formed  towards  the 


Pi*.  193. 


Chlnrufora 


Iodide  of  uldehyden 

Olctiant  gas 
Chloride  of  deutocarbohydrogen 
Bromide  of  "  . 

Iodide  of  " 
Aldehyde  .... 
Aldehjrdic  acid  .... 
Acetic  acid 

Chloroform,  is  obtained  by  distilling  a  mixture  of  alcohol  and  aqueous  soluUo*.  at 
bleaching  powder,  as  a  limpid  fluid  ol  sp.  gr.  1.480.  It  is  a  compound  of  1  atom  bo- 
carburct  of  hydrogen  with  3  atoms  of  chlorine. 

Bromnform  is  analogous  to  the  last  and  is  obtained  when  a 
lime  and  alcohol,  or  acetone,  is  distilled.   It  is  an  oily  looking  liquid, 
sulphuric  acid,  and  its  composition  is  the  same  as  that  of  chloroform. 

*  From  chlorine  and  alcohol. 


d  H9  +  I 
Ct  Hs  +  H 
d  HsCl  +  HCI 
d  H»Br+  HBr 
C<  Hs  1   +  Hf 
d  Hj  O  +  HO 
Ci  Hs  Ot  f  HO 
C<  Hs  Os  4-  HO 


t  If  we  employ  an  avoirdupois  pound  of  aleohol,  we  shall  require  66.453  cubic 
or  almost  3hj  cubic  feet  of  chlorine  gas,  or  48  cubic  feet  of  hydrochloric  acid  gas 

t  It  differs  from  chloroform  by  containing  two  atoms  more  of  carbon  and  twos 
of oxygso. 

*  From  first  syllables  otitktr  and  akohoi. 
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close  of  the  operation.  The  neck  of  the  receiver  should  fit  closely  to  the  neck  Sect.  I. 
of  the  retort,  and  the  joint  be  rendered  tight  by  tying  it  round  with  a  piece  of 
linen  or  cotton  cloth  spread  over  with  paste  made  of  flour.  The  bent  tube  fixed 
to  the  tubulure  of  the  receiver  should  be  made  to  pass  into  a  second  receiver,  or 
to  dip  into  a  bottle  in  the  manner  represented,  which  is  kept  cold  by  placing  it  in 
ajar  or  basin  with  water  or  ice  ;  the  tube  must  not  fit  tightly  to  the  neck  of  the 
bottle,  but  allow  any  gas  that  may  come  over  to  be  freely  disengaged.  The  first 
receiver  should  be  tied  round  with  apiece  of  linen  or  cotton  cloth,  that  it  may  he 
more  easily  kept  cold  ;  ice  or  snow  should  always  be  used  when  it  can  be  pro- 


2001.  The  distillation  is  generally  continued  till  a  quantity  of 
liquid  has  come  over  equal  to  one  half  the  alcohol  employed.  More 
ether  is  said  to  be  obtained  when  it  is  kept  constantly  boiling  than  at 
a  lower  temperature,  though  this  has  been  disputed  ;  the  retort 
should  not  be  filled  more  than  half  full,  and  great  attention  must  be 
paid  to  the  heat  applied  during  the  whole  of  the  operation,  as  the 
mixture  is  apt  to  boil  over  when  urged  with  too  strong  a  fire. 

2002.  The  ether  that  condenses  in  the  receiver  is  never  obtained 
pure  at  first,  being  always  mixed  with  a  little  alcohol  that  distils 
over  unaltered,  and  some  sulphurous  acid.  To  remove  these,  it  is 
mixed  with  potassa,  taking  five  or  six  grains  for  every  ounce  of  alco- 
hol employed,  and  distilled  again  from  a  retort  with  a  very  gentle 
heat  till  five  or  six  sevenths  shall  have  passed  over  ;  the  potassa  re- 
tains the  sulphurous  acid,  along  with  some  water  and  alcohol.  To 
separate  the  alcohol  completely,  it  may  be  shaken  with  about  three 
fourths  of  its  bulk  of  water,  which  combines  with  all  the  alcohol  and 
a  little  ether.  It  is  then  distilled  by  a  very  gentle  heat,  and  may  be 
rendered  still  stronger  by  distillation  from  chloride  of  lime.  It  should 
be  kept  in  bottles  with  well-ground  glass  stopples. 

On  a  small  scale,  an  ounce  or  two  of  alcohol  with  as  much 
sulphuric  acid  by  weight,  will  be  sufficient  to  show  the  process,  con- 
densing the  product  in  a  common  flask.* 

2003.  Ether  is  a  colourless  liquid,  of  a  hot  pungent  taste  and  fra- 
grant odour.  It  is  highly  exhilarating,  and  produces  a  degree  of 
intoxication  when  its  vapour  is  inhaled  by  the  nostrils.  Its  sp.  gr. 
varies  with  its  purity.  Lowitz  is  said  to  have  procured  it  as  light 
as  .632 ;   Brande  states  that  he  never   obtained   it  lower  than 

♦The  London  Pkarmacop.  directs  the  distillation  of  ether  with  potassa,  for  iu»  pu-  , 
rification  from  sulphurous  acid  ;  and  Phillips  has  given  the  following  directions  for  ™  p  pro 
procuring  ether  for  pharmaceutical  purposes,  which  answer  extremelv  well. 

"  Mix  with  16  ounces  of  sulphuric  acid,  an  equal  weight  of  rectified  spirit,  and  distil 
about  10  fluid  ounces,  add  8  ounces  of  spirit  to  the  residuum  in  the  retort,  and  distil 
about  9  fluid  ounces;  or  continue  the  oj>eration  until  the  contents  of  the  retort  begin 
to  rise  or  the  product  hecomes  considerably  sulphurous ;  mix  the  two  products,  and  if 
the  mixture  consists  of  a  light  and  heavy  fluid,  separate  them ;  adu  potassa  to  the 
lighter,  as  lone  as  it  appears  to  he  dissolved  ;  separate  the  ether  from  the  solution  of 
potassa,  and  distil  about  nine  tenths  of  it,  to  be  preserved  as  ether  ttUphuricus,  the 
specific  gravity  of  which  oughj  to  be  at  most  .750." 

In  the  preparation  of  ether  on  a  large  scale  considerable  risk  is  incurred  by  fire, 
recourse  has  therefore  been  had  to  steam  as  the  source  of  the  requited  heat.  In  the 
apparatus  employed  at  Apothecaries'  Hall  (Lond.)  the  still  is  of  cast  iron,  lined  with 
lead  ;  the  steam  is  conducted  through  the  mixture  of  acid  and  alcohol  hy  a  contorted 
leaden  pipe  at  the  bottom  of  the  still,  and  is  supplied  hy  a  boiler  calculated  to  resist 
the  pressure  of  100  lbs.  on  the  square  inch  ;  in  this  way  the  mixture  is  very  rapidly 
raised  to  its  boiling  point,  and  a  larger  relative  quantity  of  ether  is  obtained.  The 
boiler  is  placed  in  a  distant  apartment.  The  condensing  apparatus  and  refrigerator)' 
are  of  the  usual  construction,  but  abundantly  supplied  with  cold  water.  Brande's 
Pharmacy,  466. 

67 
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Ch»p.vn.  .700;  as  ordinarily  prepared,  its  sp.  gr.  varies  between  .730  and 
.760,  and  as  met  with  in  commerce,  it  must  be  considered  as  a  mix- 
ture of  pure  ether  and  alcohol.* 

Volatile.  2004.  It  is  extremely  volatile,  and  when  poured  from  one  vessel 
into  another,  a  considerable  portion  evaporates ;  during  its  evapora- 
tion from  surfaces,  it  produces  intense  cold,  as  may  be  felt  by  pour- 
ing it  upon  the  hand  ;  and  seen,  by  dropping  it  upon  the  bulb  of  a 
thermometer,  which  sinks  to  many  degrees  below  the  freezing  point. 
The  sp.  gr.  of  the  vapour  of  ether  compared  with  atmospheric  air, 
is,  according  to  Gay-Lussac,  as  2.586  to  l.OOO.t  Two  ounce  mea- 
sures of  ether  converted  into  gas  at  the  temperature  of  72.50  fill  the 
space  of  a  cubic  foot. 

The  change  may  be  exhibited  by  placing  a  large  bell  glass  filled  with  hot 
water  on  the  shelf  of  the  pneumatic 'trough  and  passing  the  ether  from  a  phial  up 
into  it.    The  vapour  will  fill  the  jar,  and  may  be  fired  with  suitable 


Boiling        2005.  At  mean  pressure,  sulphuric  ether,  when  of  a  sp.  gr.  of 
1)0101        .730,  boils  at  98°,  and  under  the  exhausted  receiver  of  an  air-pump, 
at  all  temperatures  above  — 20°  ;  hence,  were  it  not  for  atmospheric 
pressure,  ether  would  only  be  known  in  the  state  of  vapour. 

In  consequence  of  the  cold  produced  during  the  vaporization  of 
sulphuric  ether,  the  phenomena  of  boiling  and  freezing  may  be  exhi- 
bited in  the  same  vessel. 

Exp.  F°r         purp08*  procure  a  very  thin  flask  which  fits         Fig.  194. 

loosely  into  a  wine-glass,  as  shown  in  Fig.  194.  Pour  a  small 
quantity  of  ether  into  the  flask,  and  of  water  into  the  glass, 
and  place  the  whole  under  the  receiver  of  an  air-pump  ;  du- 
ring exhaustion,  the  ether  will  boil,  and  a  crust  of  ice  will 
gradually  form  upon  the  exterior  of  the  flask. t 

2006.  Ether  is  highly  inflammable,  and  in  con- 
sequence of  its  volatility  it  is  often  kindled  by  the 
mere  approach  of  a  burning  body ;  a  circumstance 
which  renders  it  highly  dangerous  to  decant,  or 
open  vessels  of  ether  near  a  candle.y 

Exp.  The  inflammability  of  ethereal  vapour  may  be  shown  by  passing  a  small  q 

tity  into  a  receiver,  furnished  with  a  brass  stop-cock  and  pipe,  ana  inverted  over 
water  at  a  temperature  of  100°.  The  receiver  becomes  filled  with  the  vapour, 
which  may  be  propelled  and  inflamed;  it  burns  with  a  bright  bluish-white 
flame. 

Explodes  2007.  When  ether  is  admitted  to  any  gaseous  body  it  increases 
with  oxy-  jt8  Oxygen  thus  expanded,  produces  a  highly  inflammable 

mixture;  if  the  quantity  of  oxygen  be  large  and  of  ether  small,  the 
mixture  is  highly  explosive,  and  produces  water  and  carbonic  acid. 

Into  a  strong  two  ounce  phial,  filled  with  oxygen  gas,  and  wrapped  round  with 
a  cloth,  let  fall  a  drop  of  ether.  On  applying  the  flame  of  a  candle,  a  violent 
detonation  will  ensue. 

And  with       2008.  The  vapour  of  ether  also  explodes  with  chlorine,  as  is 
shown  by  the  following  experiment. 

ii  -  ii 

*  For  table  of  sp.  gr.  see  Henry's  Chem.  ii.  333.  t  2.5S22,  T.  and  L. 

t  After  using  ether,  air  should  he  drawn  through  the  pump  many  times  to  get  rid  of 
the  ether,  as  it  injures  the  valves. 

§  In  spirit  warehouses  or  druggists'  laboratories  where  ether  is  distilled  the  #q/<fy 
(Fig.  174)  may  be  advantageously  used. 
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Fill  a  bottle  of  the  capacity  of  three  or  four  pints,  with  chlorine  gas,  taking  caro    Sect.  I. 
to  expel  the  water  as  completely  as  possible.    Then  throw  into  it  about  a  drachm 
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or  a  drachm  and  a  half  of  good  ether,  covering  its  mouth  immediately  with  a  piece  P' 
of  light  wood  or  paper.  In  a  few  seconds  white  vapour  will  be  seen  moving 
circularly  in  the  bottle,  and  this  will  soon  be  followed  by  an  explosion,  accom- 
panied  with  flame.  At  the  same  time  a  considerable  quantity  or  carbon  will  be 
deposited. 

When  a  small  quantity  of  ether  is  poured  into  a  large  jar  of  warm  chlorine,  it 
occasionally  happens  that  a  considerable  explosion  ensues. 

2009.  Ether  freezes  at  — 46°.  When  exposed  to  light  in  a  vessel 
partially  filled,  and  which  is  frequently  opened,  it  gradually  absorbs 
oxygen,  and  a  portion  of  acetic  acid  is  generated. 

2010.  Ether  dissolves  the  resins,  several  of  the  fixed  oils,  and  Dissolves 
nearly  all  the  volatile  oils ;  it  also  dissolves  a  portion  of  sulphur,  and  &c, 
of  phosphorus;  the  latter  solution  is  beautifully  luminous  when 
poured  upon  warm  water  in  a  dark  room.    The  fixed  alkalies  are 

not  soluble  in  ether,  but  it  combines  with  ammonia. 

It  dissolves  the  oxides  of  gold  and  platinum,  and  these  solutions  jSjJ  °* 
have  been  employed  for  coaling  steel  with  those  metals,  with  a  view  goid  and 
to  ornament  and  as  a  defence  from  rust.*  platinum. 

2011.  When  a  coil  of  platinum  wire  is  heated  to  redness,  and 
then  suspended  above  the  surface  of  ether  contained  in  an  open  ves- 
sel (Fig.  53),  the  wire  instantly  begins  to  glow,  and  continues  in 
that  state  until  all  the  ether  is  consumed.  During  this  slow  com- 
bustion, pungent  acrid  fumes  are  emitted,  which,  if  received  in  a 
separate  vessel,  condense  into  a  colourless  liquid  possessed  of  acid 
properties,  owing  to  the  formation  of  acetic  acid. 

2012.  It  has  been  already  stated  (1567)  that  sulphuric  ether  con-  Base  of 
sists  of  C4H5O,  and  that  it  possesses  the  characters  of  a  base,  being1 
capable  of  neutralizing  acids,  oxygen,  chlorine,  bromine,  iodine,  and 
fluorine.    These  new  compounds  are  at  present  very  inaccurately 
termed  ethers.    The  base  of  ether  is  C4H6  to  which  Liebig  has  given 
the  name  of  elhylA    Common  ether  is  an  oxide  of  ethyl.  T. 

2013.  In  preparing  ether  the  ebullition  is  continued  till  white  va- 
pours appear,  and  the  smell  of  sulphurous  acid  is  perceived,  and  by  of  wme- 
continuing  the  heat  a  yellowish  liquid  comes  over  which  has  been 
called  the  sir  ret  oil  of  wine.t 

2014.  Chloride  of  Ethyl— Hydrochloric  Ether.   C4HaCl.   This  chloride  of 
compound  is  generated  by  the  action  of  hydrochloric  acid  on  alcohol,  ethyl, 
and  maybe  prepared  by  several  processes: — by  distilling  alcohol 
previously  saturated  with  hydrochloric  acid  gas,  or  mixed  with  an 


♦If  to  a  saturated  solution  of  gold  or  platinum,  in  nitro-hydrochloric  acid,  there  be 


Um  of 


added  about  three  parts  by  measure  of  good  sulphuric  ether,  it  soon  takes  up  the  me- 
tals, leaving  the  acid  nearly  colourless  below  the  ethereal  solution,  which  is  to  be  ** 
carefully  decanted  off;  into  this  the  polished  steel  is  for  an  instant  plunged,  and  im- 
mediately* afterwards  washed  in  water,  or  in  a  weak  alkaline  solution.  Though  the 
coaling  of  platinum  is  the  least  beautiful.  Stodardt,  who  has  made  many  expe- 
riments upon  this  subject,  considers  it  as  the  best  protection  from  rust.  Polished 
brass  may  be  coated  by  the  same  process.  These  surfaces  of  gold  aud  platinum, 
though  very  thin,  are  often  a  useful  prelection  ;  with  gold  the  experiment  is  particu- 
larly beautiful,  and  well  illustrates  the  astonishing  divisibility  of  the  metal.  The 
ethereal  solution  of  gold  is  not  permanent,  but,  after  a  time,  deposits  the  metal  in  the 
form  of  a  film,  in  which  crystals  of  gold  are  often  perceptible. 

t  From  recent  experiments  Lowig  concludes  that  by  the  action  of  potassium  on 
chloride  of  ethyl,  chloride  and  ethylidt  of  potassium  are  formed,  and  that  by  the  ac- 
tion of  water  upon  the  latter,  the  ethyle  is  set  tree.  Land,  and  Edin.  Phil.  Mag.t 
July,  1889.  t  See  T.  inorg.  Oiem.  u.  307,  and  B.  ii.  593. 
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Chap.  vh.  equal  volume  of  strong  hydrochloric  acid  ;  by  heating  a  mixture  of 
5  parts  of  alcohol,  5  of  strong  sulphuric  acid,  and  12  of  fused  sea- 
salt  in  fine  powder;  or  by  distilling  alcohol  with  the  chlorides  of 
tin,  bismuth,  antimony,  or  arsenic.  The  products  are  transmitted 
through  tepid  water,  by  which  free  alcohol  and  acid  are  absorbed, 
and  the  pure  hydrochloric  ether  is  then  received  in  a  vessel  sur- 
rounded by  ice  or  a  freezing  mixture. 

2015.  Hydrochloric  ether  is  a  colourless  liquid,  of  a  penetrating, 
per  cs"  somewhat  alliaceous,  ethereal  odour,  and  a  strong  rather  sweet  taste. 
It  is  so  volatile  that  it  boils  at  about  54°.  When  inflamed,  as  it  issues 
from  a  small  aperture,  it  burns  with  an  emerald-green  flame  without 
smoke,  yielding  abundant  vapours  of  hydrochloric  acid. 

Sul  huret      2016'  SulPhuret  °f  EihVl<  or  Mercaptan.    C«H5S+HS.  This 
of  ethyl,    new  substance  was  discovered  by  Zeise  and  named  mercaptan,  on 
account  of  its  energetic  action  on  the  red  oxide  of  mercury.* 

Althionato  of  baryta,  lime,  or  potassa,  wai  heated  with  a  strong  solution  of 
Proce***      protosulphuret  of  barium.    There  distilled  over  along  with  the  water  an  ethereal 
liquid,  while  the  althionato  was  changed  into  sulphate. 

2017.  The  ethereal  liquid  was  lighter  than  water,  colourless,  of  a 
penetrating  odour,  resembling  that  of  garlic.  Its  taste  was  sweet ; 
it  inflamed  readily,  giving  out  the  odour  of  sulphurous  acid.  When 
distilled  it  was  divided  into  two  distinct  liquids.  To  the  first 
the  name  of  thialic  ether  was  given,  and  to  the  second  mercaptan. 
M  2018.  Mercaptan  acts  with  force  upon  potassium,  hydrogen  gas 

being  evolved  and  the  metal  converted  into  a  colourless  salt,  very 
soluble  in  water  and  in  alcohol.  These  solutions  give  a  yellow  pre- 
cipitate, with  acetate  and  nitrate  of  mercury,  t 

There  are  six  bodies  to  which  the  term  ether  has  been  applied,  bat 
which  are  not  considered  such  by  Thomson,  by  whom  they  have  been 
constituted  a  distinct  class,  having  for  their  base  not  C4H5  but  C,H« 
Other       (the  tetarto-carbo-hydrogtn  of  Thomson),  they  are 

1  Light  oil  of  wine  d  H« 

2  Chloric  ether       .      •      .      .   C4  H4  +  Ch  t 

3  Bromic   M  C*  H<.+  Bn 

4  Iodic      "  .  .      .   C4  Hi  -f  I2 
6  Acetal     "             .  .      d  H«  +  H40 
C  Sulphocyanic 

The  third  set  of  bodies  classed  among  the  ethers,  consists  of  che- 
mical compounds  of  sulphuric  ether  and  an  acid.  Of  these  Thomson 
enumerates  twenty,  for  which  see  Org.  Bodies,  329. 


de  Chim.  ei  de  Phys.  lvi.  87. 

t  Cyanodide  of  Ethyl— Hydrocyanic  Ether,  CiUsiCiN),  was  discovered  by  Pelouz*. 
and  is  obtained  by  heating  a  mixture  of  equal  parts  of  cyaaodide  of  potassium  and 
althionate  of  baryta. 

Sulphohydric  Ether.  C«H5(HS)?  was  formed  by  Lowig  by  the  action  of  oxaJk 
ether  and  sulphuret  of  potassium.  It  has  no  action  on  red  oxide  of  mercury,  and  by 
this  character  is  distinguished  from  mercaptan.   See  T-  Org.  Bodies,  328. 

t  Chloric  Ether  is  the  name  which  has  been  applied  to  a  liquid  obtained  by  distiliiof 
a  gallon  from  a  mixture  of  three  pounds  of  chloride  of  lime  and  two  gallons  of  alcohol, 

3t.  gr.  0.844,  and  rectifying  the  product.  This  was  discovered  by  Guthrie  in  the 
nited  States  and  Souberain  in  France.  See  Guthrie's  account  in  Amer.  Jour.  xxi. 
As  this  liquid  does  not  contain  chloric  acid,  Bache  has  proposed  for  it  the  name  of 
chlorine  ether. 

It  is  extremely  volatile,  of  a  sweetish  taste,  boiling  at  166°.  and  having  the  sp.  gr. 
of  1 .486.    When  diluted  with  water  it  is  employed  as  a  diffusible  stimulant. 
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2019.  iVtfrie  rtAer.     Nitrous  ether ;  C4HsO+NO|.     Various    s«ci  I. 


Fig.  195. 


Prepara- 
tion. 


are  given  for  obtaining  this  liquid  ;*  it  is  produced  by  the  Thomson's 
action  of  equal  weights  of  nitric  acid  and  alcohol,  the  acid  being  3d  set. 
added  in  small  successive  quantities  to  the  alcohol,  and  the  mixture  Nitric 
cooled  after  each  addition,  to  prevent  the  violent  action  that  would  61  er* 
otherwise  ensue.    It  collects  on  the  surface  of  the  mixture  and  is 
cautiously  withdrawn. 

1..  Fig.  (195)  represents  an  arrangement  proposed  by 
Torrey—  a  a  YVoulfe's  bottle,  b  a  receiver,  c  e  glass  fun- 
nels ground  to  the  necks,  and  glass  rods  ground  to  the 
funnels,  the  acid  being  in  one  funnel,  and  the  alcohol 
in  the  other ;  by  means  of  the  glass  rods  the  admis- 
sion of  either  is  regulated  at  pleasure. 

2.  Introduce  into  a  sufficiently  capacious  retort  equal 
weights  of  alcohol,  (specific  gravity  820)  and  of  nitric 
acid  of  commerce  (specific  gravity  1.30)  and  connect 
it  with  five  Woulfe's  bottles,  the  first  of  which  is 
empty  and  the  remaining  four  half  filled  with  a  satu- 
rated solution  of  salt  in  water.    Apply  a  gentle  heat  to  the  retort,  till  the  liquor 
begins  to  effervesce ;  then  withdraw  the  fire,  and  the  gaseous  matter  passing 
through  the  bottles,  which  should  be  kept  cold  by  ice,  deposits  the  ether  upon 
th.:  saline  solution,  from  which  it  is  to  be  decanted,  shaken  with  chalk,  and  re- 
distilled at  a  very  gentle  heat.t 

2020.  In  all  experiments  with  nitric  acid  and  alcohol,  great  care 
must  be  taken  not  to  mix  a  large  quantity  of  acid  with  the  alcohol 
at  once,  as  the  gaseous  products  that  are  immediately  produced  are 
opt  to  throw  out  the  whole  of  the  mixture  with  explosive  violence. t 
Nitrogen,  protoxide  and  btnoxide  of  nitrogen,  and  carbonic  acid 
gases  are  disengaged. 

2021.  The  nitrous  agrees  with  sulphuric  ether  in  its  leading  pro- 
perties ;  but  it  is  still  more  volatile.  When  recently  distilled  from 
quicklime  by  a  gentle  heat,  it  is  quite  neutral ;  but  it  soon  becomes 
acid  by  keeping.  It  is  decomposed  by  polassa,  and,  on  evaporation, 
crystals  of  the  nitrite  or  hyponitrite  of  that  alkali  are  deposited 
(Mem.  d'Arcueil,  i.)  It  is  soluble  in  48  parts  of  water,  and  in  all 
proportions  in  alcohol ;  this  last  solution  is  the  spiritus* 
or  sioeet  spirit  of  nitre  of  the  Pharmacopoeia,  y 

2022.  Oxalic  ether.    C4H50+C,03.    Is  obtained  from  1  part  of™r°jc 
alcohol,  1  binoxalate  of  potassa,  and  2  parts  of  sulphuric  acid.    It  ether, 
is  purified  by  boiling  with  pounded  litharge.    It  is  an  oleaginous 
liquid,  boiling  at  263°.    When  a  current  of  dry  ammoniacal  gas  is 
passed  over  it  a  substance  is  obtained  which  has  been  called  by  Du- 
mas ||  oxamethane.^ 


spirit  of 
nitre. 


*  Thomson's  Inorg.  Chem.  318- 

t  See  description  of  an  apparatus  for  this  process  by  Hare,  in  Am.  Jour.  vol.  ii.  p. 
326  and  xxxiii.  241. 

t  Though  a  small  quantity  of  acid  may  be  added  to  a  large  quantity  of  alcohol 
without  much  action,  a  small  quantity  of  alcohol  cannot  be  added  to  a  large  quantity 
of  acid  without  violent  action. 

5  Two  lh.  of  nitrate  of  potassa  and  a  lb.  and  a  half  of  sulphuric  acid  are  mixed  in  a 
glass  retort,  9  and  a  half  lbs.  of  alcohol  are  gradually  poured  in}  it  is  digested  with  a 
gentle  heat  for  two  hours,  the  heat  is  then  raised  and  a  gallon  distilled  off;  to  this  I 
pint  of  diluted  alcohol  and  an  ounce  of  carbonate  of  potassa  are  added  and  a  galloa 
distilled  off.    U.  S.  P. 

I)  Ann.  de.  Chun,  et  de  Phy$.  liv.  241,  and  Ann.  de  Pharm.  ix.  129. 

IT  EUwroxalate  of  Potassa.   It  was  shown  by  Leibig  that  oxalic  ether  has  the  pro- 


Proceat  for. 
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Chap.  vn.  2023.  (Enanthic  ether.  C4HsO-|-CuH,30r  It  is  to  this  remarka- 
ble ether  that  the  peculiar  odour  of  wines  is  owing.*  When  large 
quantities  of  wine  are  distilled  we  obtain,  at  the  end  of  the  process 
a  small  quantity  of  an  oily  liquid.  The  same  liquid  is  obtained 
when  the  lees  of  wine  arc  distilled ; 
Properties.  2024.  It  has  a  strong  taste,  is  usually  colourless,  and  is  a  mix* 
Hire  of  cenanthic  ether  with  an  excess  of  cenanthic  acid.  The  ether  is 
separated  by  distillation.  It  is  very  liquid,  has  a  strong  odour  of 
wine  and  produces  intoxication  when  inspired.t 


Thomson's 
4th 


2025.   The  fourth  set  of  bodies,  which  have  by  some 

classed  among  ethers,  are  certain  acidulous  salts,  consisting  of  1 

atom  of  ether  united  to  2  atoms  of  an  acid.    They  are 

-      -      -  C4H5(HiOt)+SOa 

C4H50+2(S03)+HO 


1  Heavy  oil  of  wine 

2  Ahhionic  acid 


Pyroxylic 
spirit. 


C4H&CH2(P024) 
C4H&0+2(C203)+HO 
C4H&0+2(C4H205)+HO 
C4H50+2(C4  H2Os)+HO 
C4H5  0+2(C  l0Hf  40  b  )+HG 

This  name  has  been 


3  Phosphovinic  acid       -  ■ 

4  Oxalovinic  acid  .... 

5  Tartrovinic  acid  - 

6  Racemovinic  acid 

7  Camphovinic  acid  ... 

2026.  Pyroxylic  spirit.  C,H,0-fHO=32. 
given  to  the  volatile  liquid  which  is  formed  when  wood  is  subjected 
to  heat,  and  which  is  found  in  the  aqueous  liquid  which  comes  over. 
This  is  decanted  off  to  separate  it  from  the  tar,  and  when  again  dis- 
tilled the  pyroxylic  spirit  is  in  the  first  tenth  part  of  the  product.  It 
is  rectified  over  quicklime. 

2027.  Pyroxylic  spirit  is  colourless,  and  has  a  peculiar  odour, 
alcoholic  and  aromatic  mixed  with  that  of  acetic  ether.  It  boils  at 
150°,  its  sp.  gr.  is  .793  not  differing  much  from  alcohol. t 

Action  or  202S.  When  its  vapour  is  mixed  with  air  in  contact  with  plati- 
num sponge,  heat  is  evolved  and  formic  acid  produced.  If  allowed 
to  fall  drop  by  drop  on  the  spongy  platinum,  it  burns  and  carbonic 
acid  is  produced.  Its  vapour  explodes  with  dry  chlorine.  Distilled 
with  chloride  of  calcium  it  gives  rise  to  chloroform. 

2029.  When  a  mixture  of  1  part  of  pyroxylic  spirit  and  4  parts 
of  concentrated  sulphuric  acid  is  distilled,  a  gas  comes  over,  which 
possesses  the  constitution  of  alcohol  vapour.  The  very  same  thing 
takes  place  in  this  distillation  as  when  we  heat  a  mixture  of  alcohol 
and  sulphuric  acid.    One  half  the  water  is  abstracted  relative  to  the 


Action  of 
sulphuric 
acid. 


L'wd  u  » 1 


perty  of  combining  with  bases  like  an  acid,  and  this  salt  is  obtained  when  oxalic 
ether  is  dissolved  in  absolute  alcohol  and  as  much  hydrate  of  potassa  is  added  as 
is  just  sufficient  lo  neutralize  half  the  oxalic  acid.  Lehrbuch  der  chim.  2  Aufl. 
i.  644. 

*  Ann.  de  Chim.  et  de  Phya.  lxiii.  1 13. 

t  For  the  other  ethers  of  this  division  see  T.  Org.  Bodies.  333. 

t  Pyroxylic  spirit  is  extensively  used  by  hat  makers,  for  the  purpose  of  dissolvia? 
shell  lac  and  mastic  to  stiffen  hats  and  render  them  water  proof.  According  to  Scan- 
Ian  a  fluid  of  higher  sp.  gr.  and  lower  boiling  point  is  obtained  by  distillation  by  ->.- 
turaiing  the  purified  acid  with  slacked  lime,  and  subsequent  distillation  as  long  as  the 
product  is  of  less  sp.  gr.  than  water.  This  product  is  rectified  111  a  still,  consisting  of 
a  boiler  and  rectifier  of  copper  of  peculiar  construction  placed  in  a  bath  of  water,  sod 
krpi  at  such  a  teinper»lure  as  will  condense  water,  hut  retain  the  more  volatile  pro- 
ducts in  the  state  of  vapour  till  they  pass  the  last  part  of  the  apparatus  where  they  are 
cooled.    See  Rep.  Brit.  Assoc.  1896,  40. 
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other  ingredient,  the  carbo-hydrogen.*  When  alcohol  is  used  olefiant    s«ct.  L 
gast  is  converted  into  ether  ;  but  when  pyroxylic  spirit  is  used,  the 
compound  is  CaHaO,  or  it  contains  an  atom  of  olefiant  gas  less  than 
ether.* 

2030.  When  pyroxylic  spirit  is  made  to  act  on  the  hydracids,  a  Action  on 
set  of  compounds  is  formed  very  analogous  to  the  ethers  which  the  bydracids. 
same  acids  form  with  alcohol.    Dumas  and  Peligot  consider  them 
as  compounds  of  the  hydracid  and  a  base  which  they  term  methy- 


CHAPTER  VIII. 

Section  I.    Colouring  Matters. 

2031.  A  great  number  of  vegetable  principles  are  comprised 
under  the  term  colouring  matter,  and  are  extensively  employed  in 
the  processes  of  dyeing  and  calico-printing. If 

20X2.  Some  of  these  are  used  as  chemical  re-agents  and  for  test- 
ing the  presence  of  acids  and  alkalies.  The  infusion  of  red  cabbage 
has  been  already  described  (56  n.) ;  the  colouring  matter  of  violets 
may  be  used  for  the  same  purpose. 

2033.  Litmus  is  the  blue  colouring  matter  prepared  from  the  lichen 
rocella  which  grows  in  the  Canary  islands,  and  the  leconora  tartareaLiim}ls- 
which  is  collected  in  Norway.    From  the  latter  is  also  prepared 
cudbear**  the  colour  being  developed  by  the  aid  of  ammonia.  The 
colouring  matter  of  the  leconora  has  been  termed  erythrin,  and  that 

of  archil  orcin. 

2034.  Litmus  is  more  easily  affected  by  acids  than  the  colouring  Efl-ectof 
matter  of  cabbage,  but  is  not  turned  to  a  green  by  alkalies.    If  pre-acids  and 
viously  reddened  by  acids,  it  may  be  used  for  detecting  alkalies,  the  alkalies, 
original  blue  tint  being  restored.tt 

*  Carbo-hydrogen  is  the  name  applied  by  Thomson  to  tbe  gas  evolved  when  pyroxy- 
lic spirit  is  treaied  with  aqua  regia,  it  is  composed  of  1  vol.  of  carbon  vapour  and  1  vol. 


t  Deutocarbohydrogen  of  T. 

X  This  is  the  same  thing  in  both  cases  as  abstracting  one  half  of  the  water  which 
the  spirit  contained.    Bui  in  reality 

Alcohol  is  .      .      .      C<HsO  +  HO 

While  this  gas  is   .      .      .      Ct  Hi     +  H  U         T.  360. 

§  For  details  sec  T.  Org.  Bodies,  360. 

||  Acetone.  CsHjjO.  This  name  is  given  to  what  was  termed  pyro-acetic  spirit,  and  AeMon#t 
which  is  obtained  by  heating  several  acetates.   It  is  a  transparent,  volatile  and  in-  * 
flammable  liquid,  entering  into  combination  with  water,  alcohol,  ether  and  some  vola- 
tile oils. 

Mesile  is  a  product  of  the  distillation  of  wood  named  from  ftsatr^g  a  mediator. 

IT  For  a  more  particular  description  of  the  various  colouring  matters,  and  of  the  pro- 
cesses followed  for  their  extraction  and  fixation,  constituting  the  art  of  dyeing,  the 
student  must  be  referred  to  Thomson's  Organic  Chemistry,  367.  lire's  Diet,  of  Arts 
and  Manv^f.  Bcrthollet  on  Dyeing,  and  Thomson  on  Calico  printing  in  Records  of 
General  Science,  Vols.  i.  ii.  iii. 

**  First  called  Cuthbert  from  Dr.Cuthbert  Gordon  who  first  made  it. 

tt  To  prepare  test  papers,  rub  some  good  litmus  with  hot  water  in  a  mortar,  pour  . 
the  mixture  into  an  evaporating  basin,  and  add  pure  water  until  the  proportion  is  about  u«Pmm"  " 
half  a  pint  for  each  ounce  of  litmus.  Cover  it  up  and  keep  warm  for  an  hour,  then 
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Chap,  viu.    2036.  Turmeric  is  the  root  of  the  curcuma  longa,  a  plant  grow- 
Turmenc.  ing  in  the  East  Indies.    It  is  yellow  and  its  colouring  matter  has 
been  called  curcumin;  it  is  imparted  to  boiling  alcohol  and  sepa- 
rated by  ether  from  which  it  is  obtained  by  distillation.  It  is  changed 
to  brown  by  alkalies  and  some  neutral  salts. 

2036.  Many  colouring  matters  have  a  great  attraction  for  metallic 
oxides,  combining  with  them  when  they  are  separated  from  solutions 
in  which  both  the  colouring  matter  and  the  oxides  have  been  pre- 
viously dissolved ;  thus  when  potassa  is  added  to  a  solution  contain- 
ing hydrochlorate  of  tin  and  litmus,  the  potassa  unites  with  the  hy- 
drochloric acid,  litmus  and  oxide  of  tin  falling  down  in  combination. 

Lakes.      The  precipitates  thus  obtained  are  called  lakes. 

2037.  On  this  property  are  founded  many  of  the  processes  in 
Dycmg.     dyeing  and  calico-printing.    The  art  of  the  dyer  consists  in  giving 

a  uniform  and  permanent  colour  to  cloth.  This  is  sometimes  effect- 
ed merely  by  immersing  the  cloth  in  the  coloured  solution  ;  where- 
as in  other  instances  the  affinity  between  the  colour  and  the  fibre 
of  the  cloth  is  so  slight,  that  it  only  receives  a  stain  which  is  re- 
moved by  washing  with  water.  In  this  case  some  third  substance 
is  requisite,  which  has  an  affinity  both  for  the  cloth  and  colouring 
matter,  and  which,  by  combining  at  the  same  time  with  each,  may 
cause  the  dye  to  be  permanent.  A  substance  of  this  kind  was  for- 
Mordaots.  merly  called  a  mordant ;  but  the  term  basis,  introduced  by  Henry  is 
now  more  generally  employed.  The  most  important  bases,  and  indeed 
the  only  ones  in  common  use,  are  alumina,  oxide  of  iron,  and  oxide 
of  tin.  The  two  former  are  exhibited  in  combination  either  with 
the  sulphuric  or  acetic  acid,  and  the  latter  most  commonly  as  the 
chloride. 

Substantive  2038.  Substantive  colouring  matters  include  those  which  hare  so 
colours,     strong  an  attraction  for  cloth,  that  they  can  attach  themselves  to  it 

permanently,  and  without  the  action  of  any  other  substance,  as 

indigo. 

Adjective.  Those  which  require  a  mordant  are  termed  adjective  colouring 
matters. 

Bleaching.  2039.  Colouring  matters  are  bleached  by  chlorine,  which  is 
usually  employed  in  union  with  lime  (901)  ;  sulphurous  and  some 
other  acids  are  also  used  to  remove  colour. 

Red  dyes,  2040.  For  red  dyes,  Brazil  wood,  lac,  archil,  madder  nnd  cochi- 
neal, are  the  principal  colouring  matters  in  common  use.  The  cochi- 
neal, is  procured  from  an  insect,  which  is  believed  to  derive  its 
colouring  matter  from  a  particular  vegetable  principle  upon  which  it 
feeds. 


decant  the  clear  liquor,  and  pour  fresh  hot  water  upon  the  residue.  Cover  up  and  keep 
warm  as  beiore,  evaporate.  These  operations  are  to  be  repeated  until  all  the  colour 
is  removed.  The  first  solution  is  to  be  kept  apart  from  the  second  and  third,  which 
may  be  mixed  and  reduced  by  evaporation  until  a  piece  of  filtering  paper  dipped  in 
and  dried  is  of  a  blue  colour.  Paper  is  then  to  be  dipped  into  the  solution :  it  should 
be  bibulous  and  not  sized.  The  solution  should  be  poured  into  a  dish  and  the  paper 
be  drawn  through  it  piece  by  piece,  be  drained,  and  dried  where  no  acid  fumes  or  those 
of  burning  charcoal  can  have  access  to  it.  As  soon  as  dry  the  paper  should  be  placed 
in  a  well  closed  tin  box.  The  tint  ought  to  U>  a  pure  blue,  and  can  be  judged  of  bj 
applying  a  drop  of  very  weak  acid  which  should  produce  a  vivid  red.  Turmeric  pa- 
par  is  prepared  in  a  similar  manner.   See  Faraday's  Chem.  Manip.  272. 
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2041.  Yellow  dyes  are  procured  principally  from  saffron,  hiccory,  8**- 
quercitron  bark,  turmeric,  fustic  and  annatto.  yellow, 

2042.  Black  dyes  are  made  with  the  same  materials  as  writing  Black, 
ink,  logwood  and  madder  are  also  employed  with  oxide  of  iron. 

2043.  Blwe  dyes  are  commonly  prepared  with  Prussian  blue  or  Blue, 
indigo.    Three  different  colouring  principles  have  been  detected  in 
indigo,  indigo  blue,  indigo  red  and  indigo  brown.    It  is  obtained 
from  an  American  and  Asiatic  plant  the  Indigqfcra,  and  the  Ne- 
riumtinctorium  ;  an  inferior  sort  is  prepared  from  the  Isatis  tinctoria 

or  wood,  a  native  of  Europe. 

2044  Indigo  CuHjNO,  as  it  occurs  in  commerce,  is  far  from  being  Indigo, 
pure,  more  than  half  its  weight  consisting  of  matter  destitute  of  a  blue 
colour  and  incapable  of  being  used  as  a  dye  stuff.    Part  of  these 
impurities  may  be  dissolved  by  water,  part  by  alcohol,  and  part  by 
dilute  acids  and  by  alkaline  leys. 

2045.  The  beet  way  of  obtaining  pure  indigo,  is  from  the  calico-printera'  Obtained 
vat,  in  which  the  indigo  has  been  deprived  of  its  blue  colour  by  sulphate  of  iron  pure, 
and  is  held  in  solution  by  means  of  lime  water.  The  colour  of  this  solution  is  yel- 
low.   If  a  quantity  of  it  be  put  into  an  open  vessel  it  absorbs  oxygen  from  the 
atmosphere  and  the  indigo  precipitates  of  a  blue  colour.    If  the  precipitate  be 
digested  in  hydro-chloric  acid,  washed  and  dried,  it  is  pure  indigo. 

2046.  Indigo  sublimes  in  long  flat  needles  at  about  660° t  its  va-  Sublimed 
pour  is  transparent  and  reddish  violet.    It  melts  and  is  decomposed  ind«J°- 
at  nearly  the  same  temperature.     The  sp.  gr.  of  sublimed  indigo 

is  1.35. 

2047.  It  is  insoluble  in  water,  but  soluble  in  sulphuric  acid,  the  Solubility, 
indigo  being  changed  into  what  has  been  termed  cerulin.m    It  is  de- 
composed  by  nitric  acid,  with  the  formation  of  indigotic  and  carba- 

zotic  acids. 

2048.  When  treated  with  something  capable  of  abstracting  oxy- Action  of 
gen,  it  assumes  a  white  or  yellowish-white  colour,  and  becomes  solu-  gJJ£J^"g 
ble  in  the  different  bases.  This  white  substance  has  been  called  by 
Liebig  indigogen,  it  does  not  alter  by  exposure  to  dry  air,  but  when 
placed  under  water  assumes  a  deep-blue  colour  and  acquires  a  cop- 
pery tint  when  dried.  It  dissolves  in  alkalies,  but  does  not  neu- 
tralize them.  It  is  soluble  in  alcohol,  but  insoluble  in  acids  and 
water. 

Fill  one  leg  of  a  syphon  with  a  solution  of  indigogen  in  lime  water,  and  the 
other  leg  with  hydrochloric  acid,  the  indigogen  will  separate  in  white  flocks. 
Substitute  nitric  acid  for  hydrochloric,  the  precipitate  will  become  blue  and  gra- 
dually disappear. 

Make  a  solution  of  indigogen  in  lirne  water,  pass  oxygen  gas  into  it,  it  will  be  F 
absorbed  and  indigo  be  reproduced  and  precipitated. 

2049.  Cerulin  is  precipitated  from  the  solution  in  sulphuric  acid  cerulm. 
by  any  salt  of  potassa  forming  ceruleO'Sidphate  of  potassa,  of  so  deep 
a  blue  colour  that  when  moist  it  appears  black.    Water  in  a  wine 
glass  containing  ^tjVdtt1*1  of  its  weight  of  it  is  distinctly  blue.t 

2050.  According  to  Crum  if  the  action  of  sulphuric  acid  on  indi- 
go be  stopped  at  a  certain  point  a  new  substance  is  formed  possess 

...  I,.. 
*  Saxon  blue. 

t  According  to  Berzeliue  when  indigo  is  dissolved  in  sulphuric  acid,  two  a«w  acids 
are  formed  hypo-tulpho-indigotic  and  tuiphoindigotic. 
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ch»p  tx.  ing  rather  singular  properties.    It  is  formed  at  the  instant  indigo 

changes  trom  yellow  to  blue ;  Crum  has  called  this phenicin* 
Uses  of  in-  2051.  Jndigo  is  used  for  dyeing  woollen,  silk,  linen  and  cotton 
digo.  blue.  To*  enable  it  to  combine  with  the  cloth,  it  must  be  in  a  state 
of  solution  and  this  state  is  induced  in  two  ways.  I.  The  indigo  is 
deprived  of  its  oxygen,  and  reduced  to  the  state  of  indigogen  ;  this 
combines  with  alkalies  and  forms  a  compound  soluble  in  water. 
2.  The  indigo  is  dissolved  in  sulphuric  acid,  as  in  dyeing  Saxon 
blue.t  T. 

Different  2052.  By  combining  red,  yellow,  blue  or  black  colouring  matters, 
umsprodu-aii  olner  tint»  maybe  produced,  and  by  varying  the  strength  of 

the  colouring  matter,  or  the  strength  of  the  mordant,  different  shades 

of  the  same  colour  may  be  had. J 

2053.  Anoita  or  Rocou  is  a  name  given  to  the  pulp  of  the  seeds 
of  the  biza  orellena  a  South  American  shrub.  It  dissolves  in  small 
quantity  in  water,  better  in  alcohol,  and  the  solution  is  orange  yel- 
low. It  is  often  adulterated  with  powder  of  bricks,  &c. ;  the  fraud  is 
detected  by  exposing  anotta,  previously  dried  at  212°,  to  a  red  heat 
till  it  is  quite  burnt.  If  the  anotta  be  pure  the  residual  matter  will 
not  exceed  13  per  cent. ;  all  over  that  is  adulteration.^ 

2054.  Saffron  consists  of  the  dried  stigmas  of  the  crocus  sativus. 
The  colouring  matter  is  termed  polychrSite  on  account  of  the  nume- 
rous colours  which  it  is  capable  of  assuming.  It  is  obtained  from 
the  watery  infusion  of  saffron  by  evaporation,  digestion  of  the  resi- 
duum in  alcohol  and  evaporation. 

Chlor-  2055.  ChlorophyllitetoT  Chromulite  is  the  term  applied  to  the  green 
colouring  matter  of  vegetables ;  in  the  autumn  it  is  reddened  by  the 
production  of  acid. 

2056.  Chromule  is  the  name  given  to  the  various  coloured  prin- 
ciples obtained  from  the  leaves  and  flowers  of  plants. 


CHAPTER  IX. 

Section  I.    Oleaginous  Substances. 

Oils,  their  2057.  Oils  are  characterized  by  a  peculiar  unctuous  feel,  by  in- 
characters,  flamrnability  an^  by  insolubility  in  water.  They  have  been  divided 
into  fixed  and  volatile  oils,  the  former  being  comparatively  fixed  in 
the  fire  and  giving  a  permanent  greasy  stain  to  paper,  while  the  lat- 
ter, owing  to  their  volatility  produce  a  stain  which  disappears  by 
gentle  heat. 

,  ■  ii 

*  Ann.  PhiIo$.  2d  series,  v.  95 .    Berzelius  calls  it  the  purple  of  indigo.    TraiU  dc 
Chim.  vi.  98. 

t  For  details  see  T.  Org.  Bodies,  381. 

Whin.  t  Zanthin  is  obtained  from  madder  and  is  yellow ;  the  other  colouring  principle  of 

this  root  is  alizarin  end  is  red. 
Ctrthuaia.         Carihamin  is  the  red  colouring  matter  of  safflower.    Prom  this  rouge  is  prepared, 
the  carthamin  being  ground  with  talc. 

J la  mat  in  is  the  colouring  matter  of  logwood  ;  Brezilin  of  Brazil  wood ,  Sanlahn 
of  Red  tanders. 

%  Jour,  ds  Pharm.  xxiL  101. 
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2068.  There  seems  little  reason  to  doubt  that  the  fixed  oils  con-  s««.  i. 
stitute,  in  reality,  salts,  or  rather  each  oil  is  a  mixture  of  two  or 
more  salts,  if  the  term  salt  can  be  applied  to  the  compounds  of  the 
oily  acids  with  glycerin%  which  acts  the  part  of  a  base.    T.  427. 

2059.  The  fixed  oils  are  usually  contained  in  the  seeds  of  plants,  Fixed, 
as  for  example  in  the  almond,  linseed,  rape-seed,  and  poppy-seed  ; 

but  olive  oil  is  extracted  from  the  pulp  which  surrounds  the  stone.  Obtained, 
They  are  procured  by  bruising  the  seed,  and  subjecting  the  pulpy 
matter  to  pressure  in  hempen  bags,  a  gentle  heat  being  generally 
employed  at  the  same  time  to  render  the  oil  more  limpid. 

2060.  Fixed  oils  are  nearly  inodorous,  have  little  taste,  and  are  Properties, 
lighter  than  water,  their  density  in  general  varying  from  0.9  to  0.96. 

Some,  such  as  cocoa-nut  and  palm-oil,  are  fixed  at  50°  or  60  ;  but 
most  of  them  are  fluid  at  common  temperatures,  and  they  all  be- 
come limpid  in  becoming  warm.  They  are  commonly  of  a  yellow 
colour,  but  may  be  rendered  nearly  or  quite  colourless  by  the  action 
of  animal  charcoal.  At  or  near  600°  they  begin  to  boil,  but 
suffer  partial  decomposition  at  the  same  time,  an  inflammable  vapour 
being  disengaged  even  below  500°.  When  heated  to  redness  in 
close  vessels,  a  large  quantity  of  the  combustible  compounds  of  car- 
bon and  hydrogen  is  formed,  together  with  the  other  products  of 
the  destructive  distillation  of  vegetable  substances;  and  in  the  open 
air  they  burn  with  a  clear  white  light,  and  formation  of  water  and 
carbonic  acid.  They  may  hence  be  employed  for  the  purposes  of 
artificial  illumination,  as  well  in  lamps,  as  for  the  manufacture  of 
gas. 

2061.  By  exposure  to  the  air  they  absorb  oxygen,  become  rancid  Effect  of 
and  sometimes  assume  a  waxy  consistence.    Some  few,  such  as  lin-*""* 
seed,  and  nut-oil,  and  the  oils  of  the  poppy  and  hemp-seed  become 
covered  with  a  pellicle,  and  when  thinly  spread  upon  a  surface,  in- 
stead of  remaining  greasy,  become  hard  and  resinous  ;  these  are 
termed  drying  oils,  and  their  drying  quality  is  much  improved  by  Drying 0ila. 
boiling  them  upon  a  small  quantity  of  litharge.* 

2062.  The  absorption  of  oxygen  by  fixed,  and  especially  by  dry-  Spontane 
ing  oils,  is  under  some  circumstances  so  abundant  and  rapid,  and  ous  com- 
accompanied  with  so  much  heat,  that  light  porous  combustible  mate-  ba*tion- 
rials,  such  as  lampblack,  hemp,  or  cotton-wool,  may  be  kindled  by 

it.  Substances  of  this  kind,  moistened  with  linseed-oil,  have  been 
known  to  take  fire  during  the  space  of  24  hours,  a  circumstance 
which  has  repeatedly  been  the  cause  of  extensive  fires  in  warehouses 
and  in  cotton  manufactories. 

2063.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils.    In  a  Action  Dr 
small  proportion,  its  chief  effect  is  to  render  them  thicker.    Red  and  nitric  acid, 
smoking  nitric  acid,  when  suddenly  mixed  with  a  fixed  oil,  especially 

with  the  addition  of  a  little  sulphuric  acid,  occasions  a  violent  com- 


*  The  drying  oils,  and  especially  nut-oil ,  form  the  basis  of  printed*  ink,  the  history  PriotMt>  |„k. 
of  which  will  be  found  in  Lewis's  I 'hit  Commerce  of  the  Arte.  The  oil  is  heated  and 
set  fire  to,  and  after  having  been  suffered  to  burn  for  half  an  hour  is  extinguished,  and 
boiled  till  it  acquires  a  due  consistency;  in  this  state  it  is  called  Varnish,  and  is 
viscid,  tenacious,  and  easily  miscible  with  fresh  oil,  or  with  oU  of  turpenUne,  by 
which  it  is  properly  thinned,  and  afterwards  mixed  with  rosin,  soap,  and  lamp-black. 
See  also  Ure's  Did.  Arts  and  Manuf.  1031. 
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Effect  of 


&c. 


Stenrine 
and  Oleine, 


Croton  oil 


Olive  oil. 


Action  of 
hypooi 
acid. 


Palm  oil. 


oil. 


Wax. 


bustion.  Chlorine  gas,  passed  through  them,  thickens  them,  and  ren- 
ders them  tenacious  like  wax. 

2064.  Fixed  oils  are  converted  into  a  peculiar  kind  of  acids*  and 
glycerin  when  heated  with  the  fixed  alkalies  and  water.  The  acids 
uniting  withthe  alkali  constitute  soap,  the  glycerin  remains  in  solu- 
tion.   The  acids  are  the  marine,  stearic  and  oleic. 

2065.  The  researches  of  Chevreul  on  the  nature  of  oils  and  fats 
•  have  shown  that  these  bodies  are  compounds  of  at  least  two  other 

compounds,  one  of  which  is  solid  at  common  temperatures,  while 
the  other  is  fluid.  To  the  former  he  applied  the  name  of  stearine, 
from  oxeag  suet,  and  to  the  latter  elaine  or  oleine,  from  ehxtov  oil 
Oleine  is  the  fluid  principle  of  oils,  and  gives  fluidity  to  those  oils 
in  which  it  predominates.  It  requires  a  cold  of  20°  for  congelation, 
and  is  prepared  from  oils  by  exposing  them  to  a  cold  of  about  25°, 
and  pressing  the  congealed  mass  between  folds  of  bibulous  paper ; 
when  the  oleine  is  absorbed,  and  may  be  separated  by  pressing  the 
paper  under  water.  Oleine  is  well  adapted  for  lubricating  the 
wheels  of  watches  or  other  delicate  machinery,  since  it  does  not 
thicken  or  become  rancid  by  exposure  to  the  air.t 

2066.  Croton  oil,  is  obtained  from  the  seeds  of  the  croton  tigliunu 
a  tree  growing  in  the  Enst  Indies.  Jt  is  yellow,  of  an  acrid  taste, 
soluble  in  alcohol  and  ether.  Its  purgative  qualities  are  owing  to  a 
portion  of  crotonic  acid  dissolved  in  the  oil.  A  single  drop  generally 
acts  as  a  purgative. 

2067.  Olive  oil  is  expressed  from  the  pericarpium  of  the  fruit  of 
the  olea  europea,  or  common  olive.  Its  sp  gr.  at  77°  is  .9109,  it 
congeals  at  36°  depositing  little  spheres  of  stearin. 

2068.  IBy  the  action  of  hyponitrous  acid  on  olive  oil  a  solid  is 
formed  which  has  been  called  elaidin  ;  it  is  saponified  by  potassa  or 
soda,  glycerin  being  evolved  and  a  fatty  acid  which  combines  with 
the  alkali  and  forms  soap.  The  acid  has  been  called  the  elaidk 
acid. 

2069.  Palm  oil  is  one  of  the  solid  oils  and  is  extracted  from  the 
cocos  butyracea ;  it  is  yellow  and  has  the  consistence  of  lard.  It  is 
said  to  be  composed  of  sleariue  31,  elaine  69.  It  is  used  in  the 
manufacture  of  yellow  soap. 

2070.  Cocoa  nut  oil  is  white  and  hard,  and  contains  both  elaioe 
and  stearin.  It  is  used  as  a  substitute  for  tallow.  The  stearin  is 
used  as  a  substitute  for  wax  in  the  manufacture  of  candles. 

2071.  Wax  differs  from  the  solid  vegetable  oils  in  its  consistence 
and  in  the  way  in  which  it  combines  with  alkalies ;  but  it  resem- 
bles them  so  much  that  an  accurate  line  of  separation  cannot  be 
drawn. 

2072.  Bee's  wax,  though  an  animal  production,  agrees  so  closely 
with  wax  from  plants,  that  it  would  be  improper  to  separate  them. 
It  is  an  exudation  from  the  rings  in  the  abdomen  of  bees. 


*  See  Oily  Acids. 

t  The  watchmakers  purify  olive  oil,  by  placing  it  in  a  phial  along  with  a  plate  of 
lead  ;  after  being  corked  it  ia  exposed  in  a  window  to  the  direct  rays  of  the  son.  A 
cheesy  matter  separates,  the  oil  loses  us  colour  and  becomes  limpid.  The  dear  oil 
is  poured  off* and  kept  for  use. 
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2073.  Yellow  wax  is  purified  by  fusion  in  water  and  casting  into   Soct.  a 
thin  ribbons  which  are  exposed  to"  light  and  moisture  by  which  it  is  Purifled. 
bleached.    When  pure  it  has  no  taste  or  smell,  unbleached  wax 

fuses  at  142°,  if  bleached,  at  155°  ;  the  sp  gr.  of  the  former  is 
about  .9600,  of  the  latter  .8203.  It  is  insoluble  in  water,  but  soluble 
in  boiling  alcohol. 

2074.  Bee's  wax  has  been  stated  to  contain  two  distinct  kinds  of  Cerin  and 
wax,  called  cerin  and  myricin*    Cerin  is  soluble  in  fixed  and  vola- "»yricin. 
tile  oils,  insoluble  in  water,  cold  alcohol  and  ether,  and  of  the  con- 
sistence of  wax.    It  unites  with  caustic  alkalies  and  forma  a  soap. 

It  fuses  at  143V. 

2075.  Myricin  fuses  at  149°,  at  common  temperatures  is  insoluble 

in  alcohol.    It  cannot  be  converted  into  soap  by  caustic  potassa. 

According  to  Hess  100  parts  of  wax  are  composed  of 

Hydrogen,  •  12.95 

Carbon     -  79.77 
Oxygen    ......  7.33" 

3076.  Myrtle  wax  is  obtained  from  the  myrica  cerifera,  a  shrub  M  . 
that  is  common  in  the  United  Suites.    The  wax  is  separated  from  wax. 
the  berries  by  means  of  hot  water.t 

2077.  Galactin,  or  cow'tree  wax  exists  in  the  milk  of  the  cow  tree 
Galactoderdron  tttile,  a  large  tree  resembling  the  fig,  which  grows 
in  South  America. 

Section  II.    Volatile  Oils. 

2078.  The  volatile  oils  may  be  divided  into  three  sets  ;   1.  Those  Volatile 
that  contain  only  carbon  and  hydrogen  ;  they  are  lighter  than  water,  oils, 
and  seem  to  have  the  property  of  combining  in  definite  proportions 

with  acids.  Hence  they  are  probably  bases  or  analogous  to  bases. 
2.  Those  that  contain  carbon,  hydrogen  and  oxygen.  They  are  pro- 
bably as  heavy,  or  heavier  than  water,  and  seem  to  have  the  pro- 
perty of  combining  in  definite  proportions  with  bases,  and  are,  there- 
fore, analogous  to  acids.  3.  Vesicating  oils.  They  contain,  sulphur, 
and  probably  also  nitrogen. 

2079.  These  oils  are  generally  obtained  by  distilling  the  196«  How  ob- 
ants  which  afford  them  with  water  in  common  stills ;  the        fd^l  tamed. 

water  and  oil  pass  over  together,  and  are  collected  in  the 
Italian  recipient  shown  in  Fig.  196,  in  which  the  water  ha- 
ving reached  the  level  a  A,  runs  off  by  the  pipe  c,  and  the 
oil  being  generally  lighter  than  water,  floats  upon  its  surface 
in  the  space  d.  The  whole  contents  of  the  recipient  are 
then  poured  into  a  funnel,  the  tube  of  which  is  closed  with 
the  finger,  and  when  the  oil  has  collected  upon  the  surface, 
the  water  is  suffered  to  run  from  it,  and  the  oil  transferred 
into  a  bottle.  The  distilled  water  being  saturated  with  the 
oil,  should  be  retained  for  a  repetition  of  the  distillation. 
The  produce  of  oil  is  sometimes  increased,  by  adding  salt 
to  the  water  in  the  still,  so  as  to  elevate  its  boiling  point  a  few  degrees. 

1  ■    ■  ii  i    i  i  i  , 

*  According  to  late  experiments  of  Hess  bee's  wax  when  pure,  is  always  of  the 
same  constitution,  but  by  oxidation  is  converted  into  an  acid. 

t  According to^EttHng's  analysis,  cerin,  myricin  and  cerain  are  isomeric  bodies,  and 

.1. 
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I*-      Some  of  the  vojatile  oils  are  obtained  by  expression,  such  as 
of  lemon,  orange,  and  bergatnot,  which  are  contained  in  distinct 
sides  in  the  rind  of  those  fruits. 

20SC .  The  volatile  oils  vary  considerably  in  specific  gravity, 
will  be  seen  by  referring  to  the  Tables.  ■ 

The  volatile  oils  have  a  penetrating  odour  and  taste,  and  are 
rally  of  a  yellowish  colour  ;  they  are  for  the  most  part  very  « 
in  alcohol,  and  very  sparingly  soluble  in  water :  these  solutions 
stitute  perfumed  essences  and1  distilled  waters.    The  latter  are 
pally  employed  in  pharmacy,  and  the  former  as  perfumes. 

When  pure  they  pass  into  vapour  at  a  temperature  somewhat 
below  that  of  212°,  when  distilled  with  water,  they  pass  over  at  its 
boiling  point.  They  are  inflammable,  and  water  and  carbonic  acid 
are  the  results  of  their  perfect  combustion.  As  many  of  these  oils 
bear  a  very  high  price,  taey  are  not  unfrequently  adulterated  with 
alcohol  and  fixed  oils.  The  former  addition  is  rendered  evident  by 
the  action  of  water  ;  the  latter  by  the  greasy  spot  which  they 
on  paper,  and  which  does  not  evaporate  when  gently  heated. 

2081.  Nitric  and  sulphuric  acids  rapidly  decompose  the  v< 
oils. 

A  mixture  of  four  parts  of  nitric,  and  one  of  sulphuric  acid,  poured  into  s 
■mall  quantity  of  oil  or  turpentine,  produces  instant  inflammation. 

2082.  The  relative  quantity  of  essential  oils,  furnished  from  dif- 
ferent materials,  is  liable  to  much  variation  ;  the  products  of  1  cm. 
of  the  different  vegetable  substances  are  given  below.* 

Oil  of  tur-  2083.  Oil  of  turpentine  is  obtained  from  turpentine,  a  viscid, 
™  transparent,  semifluid  substance,  which  exudes  from  various  species 

of  the  genus  pinus.  Common  turpentine  of  the  shops  flows  by  inci- 
sion from  the  pinus  abies  and  pinus  syhestris.  To  obtain  the  vola- 
tile oil,  called  oil  of  turpentine,  the  turpentine  is  mixed  with  water 
and  distilled.  The  oil  comes  over  with  the  water,  and  the  residue 
is  common  rosin. 

Action  of  20S4.  Oil  of  turpentine  absorbs  a  large  quantity  of  hydrochloric 
hydrochlo-  acid,  and  forms  a  crystallizable  substance  resembling  camphor, 
nc  acid.     From  the  analysis  of  artificial  camphor  it  is  probable  that  pure  oil  of 

turpentine  is  C»Hi6. 
Boiling        2085.  Oil  of  turpentine  begins  to  boil  at  313°  ;  if  the  ebullition  is 
continued  the  temperature  rises  to  350°,  or  even  higher,  showing  the 
presence  of  more  than  one  volatile  oil.    The  sp,  gr.  of  its  vapour  at 
313°  is  4.83  air  =  L 


*  Juniper  berries  (common)       .  .  4  to  • 

Ditto  (fine  Italian)  .  .  7  to  8 

Aniseed  (common)  .  .  Mir 


Ditto  (finest) 

lbs.  ox.    0m.  ox. 

Caraways  from  I   12  to  4  It 

Dill- seed    .            .  from  3       to  9  6 

Cloves                         .  .      from  18       to  20 

Pimento  from  2       to  3  4 

Fennel- seed  .2 

Leaves  of  the  Junipmu  Sabinm  .  14 
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2086.  It  takes  fire  in  chlorine,  giving  out  much  smoke.  It  dit-  **cu  i±_ 
solves  iodine.* 

20S7.  Camphors.    The  term  camphor  has  been  applied  by  apo-  Camphor* 
thecaries  to  various  solid  bodies,  which  occasionally  appear  in  vola- 
tile oils.    They  are  distinguished,  by  their  great  volatility,  a  strong 
and  peculiar  smell,  by  melting  when  heated,  and  burning  brilliantly 
when  held  to  a  lighted  candle. 

2089.  Common  Camphor.   CuHtO,.   In  its  ordinary  state  it  is  Common 
white,  semi-transparent,  and  concrete.    Its  specific  gravity  .9S87.  It  camPi»or- 
fuses  at  about  300°,  in  close  vessels.    It  dissolves  in  the  fixed  and 
volatile  oils  and  in  alcohol.    It  is  scarcely  acted  upon  by  the  alka- 
lies ;  some  of  the  acids  dissolve,  others  decompose  it. 

The  camphor  of  commerce  is  obtained  from  the  Lauras  Camphora, 
and  comes  chiefly  from  Japan.  It  is  originally  separated  by  distil- 
lation, and  subsequently  purified  in  a  subliming  vessel  somewhat  of 
the  shape  of  a  turnip,  from  which  the  cakes  of  camphor  derive  their 
form.  When  slowly  sublimed  it  crystallizes  in  octohedrons  or  in  six- 
sided  pyramids. 

2089.  The  analysis  of  camphor  by  Dumas  gave  carbon  78.02,  hy- 
drogen 10.39,  oxygen  11.59. 

2090.  Camphrone  was  discovered  in  1S35  by  Fremy,  by  passing  Ci 
fragments  of  camphor  into  a  porcelain  tube,  heated  to  redness,  and  ~ 
containing  lime.    It  is  a  slightly  coloured  liquid,  having  the  odour 
of  camphor.    It  boils  at  167°. 

2091.  Dumas  distinguishes  by  the  name  camphogcne,  what  he  Campho- 
coDsiders  as  the  basis  of  camphor.    It  is  a  volatile  oil  composed  of  10  *eDe' 
atoms  carbon  and  8  atoms  hydrogen.    It  may  be  extracted  pure  from 
artificial  camphor.    Camphor  consists  of  an  integrant  particle  of 
camphogene  and  an  atom  of  oxygen.t 

2092.  Resins.    Resins  are  the  inspissated  juices  of  plants,  and  Resins, 
commonly  occur  either  pure  or  in  combination  with  an  essential  oil. 

They  are  solid  at  common  temperatures,  brittle,  inodorous,  and  insi- 
pid. They  are  non-conductors  of  electricity,  and  when  rubbed  be- 
come negatively  electric.  They  are  generally  of  a  yellow  colour, 
and  semi-transparent. 

2093.  Resins  are  fused  by  the  application  of  heat,  and  by  a  still 
higher  temperature  are  decomposed.  In  close  vessels  they  yield  era- 
pyreumatic  oil,  and  a  large  quantity  of  carburetled  hydrogen,  a 
small  residue  of  charcoal  remaining.  In  the  open  air  they  burn 
with  a  yellow  flame  and  much  smoke,  being  resolved  into  carbonic 
acid  and  water. 

2094.  Resins  are  dissolved  by  alcohol,  ether,  and  the  essential  Solvent* of. 
oik,  and  the  alcoholic  and  ethereal  solutions  are  precipitated  by  wa- 
ter, a  fluid  iu  which  they  are  quite  insoluble.    Their  best  solvent  is 

pure  potassa  and  soda,  and  they  are  also  soluble  in  the  alkaline 


"  The  ToUtile  oils  are  very  numerous ;  many  of  them  hare  been  described  by  Thom- 
son, but  there  are  many  not  yet  described.  Raybaut  of  Pahs  has  given  a  tabic  of  so 
fewer  than  207  volatile  oils  prepared  by  himself,  with  the  names  of  the  plants  from 
which  they  were  obtained,  and  the  quantity  from  a  given  weight  of  the  plant,  in  the 
Jour,  de  Phann.  xi.  444.    See  T.  Organic  Bodies,  459. 

t  For  description  of  camphors  from  oil  of  peppermint  and  other  essential  oils,  see 
T.  Org.  BoHwt,  493 


Digitized  by  Google 


464  Organic  Chemistry--  Balsams . 

otup.  ix  carbonates  by  the  aid  of  heat.    The  product  is  in  each  case  a  soapy 

compound,  which  is  decomposed  by  an  acid. 

Concentrated  sulphuric  acid  dissolves  resins  ;  but  the  acid  and  the 
resin  mutually  decompose  each  other,  with  disengagement  of  sulphu- 
rous acid,  and  deposition  of  charcoal.  Nitric  acid  acts  upon  them 
with  violence. 

Uaea.  2095.  The  uses  of  resin  are  various.    Melted  with  wax  and  oil, 

resins  constitute  ointments  and  plasters.  Combined  with  oil  or 
alcohol,  they  form  different  kinds  of  oil  and  spirit  varnish.  Sealing 
wax  is  composed  of  lac,  Venice  turpentine,  and  common  restu.  The 
composition  is  coloured  black  by  means  of  lampblack,  or  red  by  cin- 
nabar or  red  lead.  Lampblack  is  the  soot  of  imperfectly  burned 
resin. 

Of  the  different  resins  the  most  important  are  common  rosin,  copal, 
lac,  sandarach,  mastich,  elemi,  and  dragon's  blood. 
Tar  and  2096.  When  turpentine  is  extracted  from  the  wood  of  the  6r-tree 
pitch.  by  heat,  partial  decomposition  ensues,  and  a  dark  substance,  consist- 
ing of  resin,  empyreumatic  oil,  and  acetic  acid  is  the  product.  This 
constitutes  tar;  and  when  inspissated  by  boiling,  it  forms  pitch. 
Common  resin  fuses  at  276°,  is  completely  liquid  at  306°,  and  at 
about  316°,  bubbles  of  gaseous  matter  escape,  giving  rise  to  the  ap- 
pearance of  ebullition.  By  distillation  it  yields  empyreumatic  oils: 
in  the  first  part  of  the  process  a  limpid  oil  passes  over,  which  rises  in 
vapour  at  300°,  and  boils  at  360°  ;  but  subsequently  the  product  be- 
comes less  and  less  limpid,  till  towards  the  close  it  is  very  thick. 
This  matter  becomes  limpid  when  heat  is  applied,  and  boils  at  about 
500°  F.  At  a  red  heat  resin  is  entirely  decomposed,  yielding  a  large 
quantity  of  combustible  gas,  which  has  been  employed  for  the  par- 
pose  of  artificial  illumination.* 

2097.  Balsams.  These  are  semi-fluid  resins  containing  a  volatile 
oil,  which  may,  in  general,  be  separated  by  distillation,  leaving  ibe 
solid  resin.  In  this  division  Thomson  includes  turpentine  in  which 
the  oil  is  united  with  two  resins,  which  Unverdoben  has  distin- 
guished by  the  names  pinic  and  rilvic  acids,  and  Berzelius  by  the 
terms  resin  alpha  and  resin  beta.  The  oil  varies  from  5  to  25  per 
cent.,  as  do  the  resins  also. 
Venice  tur-  2098-  Venice  turpentine  is  extracted  from  the  pinus  larix,  or  com- 
pentine.  mon  larch.  It  is  limpid,  of  a  light  yellow  colour,  and  of  the  consis- 
tence of  honey.  It  contains  from  IS  to  25  per  cent,  of  oil  of  turpen- 
tine, what  remains  after  distillation  is  colophan  or  common  rosin.  It 
dissolves  in  alcohol.t 
Copaiba.  2099.  Copaiva  is  obtained  from  the  copaifera  officinalis  and  coria- 
cea;  it  exudes  from  incisions  made  in  the  trunk  of  the  tree.  It  is 
transparent,  yellow,  of  an  agreeable  smell  and  pungent  taste.  Its  sp. 
gr.  is  0.950.   It  yields  a  volatile  oil  by  distillation. 

2100.  It  is  insoluble  in  water,  but  imparts  to  it  its  peculiar  taste 

*  In  the  arrangement  of  the  apparatus  for  this  porpose,  the  rosin  liquefied  hy  hettts 
allowed  to  piss  into  the  retort  containing  coal  or  coke.  It  has  not  beeo  found  econo- 
mical in  England.    See  Ure's  Diet.  Arts  and  M  muf.  1076. 

t  Slrasburg  turpentine  is  extracted  from  theptnu*  picea. 

Canada  balsam  it  obtained  from  the  pinus  canadensis  and  batsamea  and  the  ter- 
pentine of  Cyprus  and  Chio  from  the  putacea  terebinthu*. 
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and  smell.    It  dissolve!  in  all  proportions  in  absolute  alcohol;  alco-  s*ct.  n. 
hoi  of  sp.  gr.  0.848  dissolves  only  the  9th  or  10th  of  its  weight.  It 
dissolves  in  ether  and  fixed  and  volatile  oils.*    It  combines  with  sa- 
lifiable bases.    It  has  a  remarkable  affinity  for  magnesia,  1  part  of 
magnesia  dissolving  in  30  of  balsam  into  a  transparent  liquid. 

2101.  It  is  sometimes  adulterated  with  fixed  oils  ;  which  can  be  Adulter*- 
detected  by  alcohol  dissolving  the  balsam  but  leaving  the  oil.    Cas-  *j°n 

tor  oil  is  however  soluble  in  alcohol,  but  it  may  be  detected  by  agi- 
tation with  ammonia,  sp.  gr.  .965,  in  a  glass  tube ;  the  solution  is 
transparent  if  the  balsam  be  pure,  but  milky  if  it  contains  castor  oil. 

2102.  Balsam  of  Peru  is  obtained  from  the  myroxylon  peruiferum  n.wi  ^ 
of  South  America.    Two  varieties  occur  in  commerce,  one  obtained  peru. 

by  incisions  in  the  tree,  having  a  slight  lint  of  yellow;  the  other  by 

boiling  the  branches  and  bark  of  the  tree  in  water. 

According  to  the  analysis  of  Stoltze  balsam  of  Peru  is  composed  of 

Volatile  oil     .         .         .         .  69. 
Resin  very  soluble  in  alcohol  20  7 

Do.     little     .  .  2.4 

Benzoic  acid      ,.         .  .  ,6.4 

Extractive  matter  ...  0.6 
Moisture  .         .         .  .0.9 

 100. 

The  oil  is  much  less  volatile  than  the  other  volatile  oils,  and  can- 
not be  separated  by  distillation.! 

2103.  The  principal  solid  resins  are,  rosin  or  colophan,  masticb.t  Solid  re- 
sandarach,  elemi,  guaiacum,$  storax,  dragon's  blood,ll  benzoin,  and  «M- 
anime. 

2104.  Copal  is  the  most  important  of  this  class,  it  flows  from  the  Copal, 
rhus  copalinum  and  elaocarpus  copaliferus  ;  the  first  a  native  tree  of 
America,  the  second  of  the  East  Indies.  It  is  white  with  a  tint  of 
brown,  sometimes  opaque,  at  others  nearly  transparent.  It  differs 
from  other  resins  in  not  being  soluble  in  alcohol  nor  in  oil  of  turpen- 
tine without  peculiar  management.  Its  sp.  gr.  varies  from  1.045  to 
1.069. 

2105.  Its  solution  is  much  employed  as  a  varnish,  in  the  forma-  use*, 
tion  of  which  several  processes  are  followed. IT    The  following  me- 
thod is  recommended  by  Lenormand  : 

*  Stoltze  in  Berlin  Jnhrb.  xxvii.  2,  179. 

t  Baltam  of  Tolu  is  obtained  from  the  tulifera  ba-'samum,  it  is  reddish  hrown,  be- 
comes brittle  by  exposure  to  the  air,  and  has  a  fragrant  odour.  It  dissolves  in  ether, 
alcohol,  and  the  volatile  oils.    For  other  balsams  see  T.  Org.  Bodies,  520. 

t  Prom  late  investigation  of  resins  it  appears  that  ma&lich  consists  of  two  resins  ; 
the  one  soluble  and  acid,  the  other  insoluble  and  not  acid.  Johnson,  in  Phil.  Tram. 
April  1839. 

S  Guaiacum  is  rendered  blue  by  various  animal  and  vegetable  substances ;  it  becomes  of 
blue  when  rubbed  with  the  gluten  of  wheat,  or  the  farina.    It  is  often  adulterated  with  , 
common  rosin.    To  discover  this  fraud,  dissolve  the  guaiacum  iu  caustic  potassa  ;  if 
pure  the  solution  is  limpid,  but  muddy  if  rosin  be  present,  as  long  as  there  is  excess  of 
alkali. 

f|  Lump  Dragon's  blood  is  the  natural  and  pure  resin,  while  the  strained  and  red  va- 
rieties,  being  manufactured  articles,  are  more  or  less  decomposed  :  it  contaius  alcohol 
and  ether  with  considerable  tenacity,  but  they  may  be  expelled  by  long  exposure  to  a 
temperature  not  higher  than  200°.   Johnson,  Phil.  Trans.  April  IR39. 

IT  Nicholson's  Jour.  ix.  167;  T.  Org.  Bodies,  544  ;  Neil  in  Trans.  Soc.  of  Arts, 
xlix.  Ample  details  for  making  a  great  variety  of  varnishes  are  given  in  Ure's  Diet. 
Arts  and  Manuf.  1264. 
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Chap.  IX.      Drop  upon  the  pieces  of  copal  pure  essential  oil  of  rosemary.   Those  pieces 
Solution  of  ^)at  are  8ofU;,,L'^  by  l'lc  01 '  rirt>      f"r  the  purpose,  the  others  are  not.  Reduce 
copal.        ihem  to  a  fine  powder ;  put  this  powder  into  a  glass  vessel  not  thicker  than  a 
'        finger  breadth  ;  pour  oil  of  rosemary  over  it,  and  stir  it  about  with  a  glass  rod. 
In  a  short  time  the  whole  is  converted  into  a  thick  liquid.  Pour  alcohol  on  this 
liquid  by  little  at  a  time,  incorporating  it,  by  gently  agitating  the  vessel,  till  it  is 

L*c.  2106.  Lac  is  an  important  resin  deposited  in  different  trees  in  the 

East  Indies,  viz.  ficus  indica,  f.  religiosa,  and  rhamnus  jujuba.  It 
flows  out  in  the  state  of  a  milky  liquid,  in  consequence  of  the  punc- 
ture of  a  small  insect,  the  coccus  ficus,  on  the  branches  of  these  trees, 
made  by  the  insect  in  order  to  deposit  its  ovn.  The  various  kinds  of 
lac  distinguished  in  commerce,  are  stick-lac,  which  is  the  substance 
in  its  natural  state,  investing  the  small  twigs  of  the  tree ;  seed-lac, 
which  is  the  same  broken  off;  and  which,  when  melted,  is  called 
shell-lac.  These  substances  have  been  examined  by  Hatchett. 
Their  component  parts  are  exhibited  below.t 

2107.  Water  dissolves  the  colouring  matter  of  lac,  and  alcohol  the 
resin  which  constitutes  the  chief  ingredient  of  lac.  A  solution  of 
borax  in  water  dissolves  lac;  the  best  proportions  are  20  grs.  of  bo- 
rax, 100  grs.  of  lac,  and  4  ounces  of  water.  This  solution  mixed 
with  lampblack,  constitutes  Indian  ink.  Lac  contains  a  peculiar 
body  called  laccin. 

2108.  Amber  is  a  substance  which,  in  some  of  its  properties,  re- 
sembles resin  ;  it  is  however,  very  sparingly  soluble  in  alcohol,  and 
difficultly  soluble  in  the  alkalies.    When  submitted  to  distillation,  it 

Succinic  furnishes  an  acid  sublimate,  which  has  received  the  name  of  succinic 
**»d-        acid.    It  is  found  in  beds  of  wood  coal. 

Section  III.    Gum  Resins. 

2109.  The  term  gum  resin  is  applied  to  a  number  of  concrete  ve- 
getable juices  which  contain  various  proportions  of  resin,  gum,  and 
other  vegetable  principles.  They  are  opaque,  solid,  brittle,  or  some- 
times with  a  fatty  appearance.  They  are  less  combustible  than  the 
resins;  they  do  not  melt  like  resins  but  are  softened  by  heat,  and 
swell.  They  burn  with  flame.  They  are  partially  soluble  in  water 
and  alcohol.  The  aqueous  solution  is  milky,  the  alcoholic  transpa- 
rent, but  becomes  milky  on  dilution.  Their  best  solvent  is  dilute 
alcohol. 

Fcfitid  gum  21 10.  Those  gum  resins  which  have  a  fetid  or  alliaceous  odour,  are 
ammoniac,  galbanum,  assafcetida,  opoponax,  and  sagapenum.  The 
stimulating  gum  resinst  are  olibanum,  myrrh,  euphorbium,  and 
bdellium  ;  the  first  is  the  frankincense  of  the  ancients. 


*  Jour,  de  Chim.  iii.  218. 

Stick-Lac. 

t  Resins  63 

Colouring  matter  10 

Wax         ...  6 

Gluten       .      .      •  5-5      .  , 

Foreign  bodies  6.5 

Lose         ...  4.0      .  , 

100 

tOf  Thomson. 


Seed- Luc.  Shell- Lac. 

88.6       ...  90.9 

2.5  ,  US 

4.6  4.0 
2.0       .       .  24 

— —       .       ,  .   

2.6       ,       ,  1.8 

100  100 

Phil  Trw*».  190* 
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IV. 


2111.  The  cathartic  gum  resins  are  aloes,  scammony,  and  gam- 
boge.   The  sedative  gum  resins  are  opium,  lactucarium*  and  upas. 

2112.  Of  the  sedative  gum  resins  opium  is  the  most  important ;  Opium, 
it  is  the  milky  juice  of  the  papaver  somniferum,  inspissated  into 

a  dark  coloured  solid  by  exposure  to  the  atmosphere.  Its  best  soU 
vent  is  common  spirits.  Its  principal  constituents  have  been  al* 
ready  described,    ft  differs  much  in  its  qualities, 


Section  IV.    Neutral  Vegetable  Principles. 

2113.  Neutral  vegetable  principles  are  those  bodies  which  neither  Neutral 
possess  the  properties  of  acids  nor  bases,  and  which  so  far  as  is  principles, 
known,  do  not  combine  in  definite  proportions  with  other  substances. 

They  have  been  arranged  by  Thomson  in  thirteen  divisions. 

2114.  Amides,  or  Amidets.    The  term  amide  signifies  an  anhy-  Division 
drous  ammoniacal  salt  deprived  (if  an  expression  apparently  contra*  J^-^ 
dictory  may  be  allowed)  of  an  atom  of  water.  (1562) 

2115.  Ozamide.  C902+NH,  =  44.  (T.)  This  was  discovered  by 
Dumas  in  1830.t  When  oxalate  of  ammonia  is  heated  in  a  glass 
retort,  it  loses  in  the  first  place  its  water  of  crystallization,  and  the 
crystals  become  opaque.  The  salt  then  melts  and  boils,  but  only  in 
those  parts  which  receive  immediately  the  impression  of  the  heat. 
Those  portions  which  melt  undergo  decomposition  and  disappear 
rapidly. X  When  the  distillation  is  at  an  end  some  trace  of  charcoal 
merely  remains  in  the  retort ;  all  the  rest  has  been  volatilized.  In 
the  receiver  is  found  water  impregnated  with  carbonate  of  ammonia, 
This  water  holds  in  suspension  a  Hock y  matter  of  a  dirty  while  co- 
lour.} The  white  flocks  and  deposit  on  the  beak  of  the  retort  con» 
stitute  the  substance  called  ozamide.  To  purify  it,  it  is  washed  out 
upon  a  filter  and  thoroughly  edulcorated  with  cold  water.  Being 
nearly  insoluble,  it  remains  on  the  filter. 

2116.  The  gases  disengaged  during  the  distillation  change  their  Oases 
nature  8s  it  proceeds ;  they  are  ammonia,  then  carbonic  acid  and  eTO  Te 
oxide,  and  cyanogen;  water  and  carbonate  of  ammonia  are  also 
formed. U 

2117.  Oxamide  is  obtained  in  crystallized  plates,  or  as  a  granular  Properties, 
powder.    When  pounded  and  well  washed  it  is  a  dirty-white  pow- 
der, resembling  uric  acid,  without  taste  or  smell,  or  any  action  on 
vegetable  colours.    It  is  volatile,  and  crystallizes  when  cautiously 
heated  in  an  open  tube.    It  is  not  sensibly  soluble  in  cold  water ; 

but  dissolves  in  boiling  water. 

2118.  Heated  in  sulphuric  acid  it  dissolves,  and  gas  is  given  out  Ac*j°n 
in  abundance,  consisting  of  equal  vols,  of  carbonic  acid  and  carbonic  o(  S. 
oxide.    At  the  same  time  a  quantity  of  ammonia  is  formed,  which 

*  Loducari  tm  is  obtained  from  the  juice  of  the  Lactuca  sativa  or  common  garden 
jettuce.  t  Ann.  de  Chim.  et  de  Phy*.  xHt.  129. 

t  But  the  mass  in  general  retains  its  appearance,  and  a  careful  examination  is  neces- 
sary to  be  able  to  perceive  the  thin  layer  of  the  salt  which  is  in  a  stale  of  fusion. 

SThe  neck  of  the  retort  exhibits  usually  crystals  of  carbonate  of  ammonia,  and  a 
thick  layer  of  the  same  white  matter. 

tl  Liebig  has  shown  that  when  caustic  ammonia  is  add^d  to  oxalic  ether,  alcohol  is 
•Tolred,  and  a  copious  deposit  of  oxamide  is  produced.  This  is  by  far  the  most  eco- 
nomical method  of  preparing  oxamide.   Ses  Ann.  de  Pharm.  ix.  129.    T.  691 . 
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]X  combines  with  the  acid.    Boiled  in  a  concentrated  solution  of  po- 


ind of  po-  tassa  it  gives  out  nmmonia  in  abundance,  with  the  formation  of  oxalic 
tassa-       acid  which  combines  with  the  potassa. 

Analysis.  2119.  According  to  the  analysis  of  Dumas*  its  constituents  appear 
to  be  C9Oa-fH8N  =  44.0.  If  we  add  HO  (an  atom  of  water),  the 
oxamide  becomes  Cs03-f-H3N,  or  oxalate  of  ammonia. t  t.  692. 
roxa-  2120.  Etheroxamide  is  obtained  when  a  current  of  dry  ammonia- 
cal  gas  is  passed  over  a  given  quantity  of  pure  oxalic  ether.  Sued- 
namide  is  formed  when  the  same  gas  is  made  to  act  upon  anhydrous 
succinic  acid.  Benzamide  is  obtained  when  the  gas  is  absorbed  by 
pure  chloride  of  benzoul.  Sulphamide  is  formed  when  dry  ammo- 
niacal  gas  is  combined  with  anhydrous  sulphuric  acid. 

2121.  This  division  comprises  benzoyl  and  its  compounds. X 

2122.  The  base  of  benzoic  acid  has  been  termed  by  Liebig  and 
Wohler  benzoyl,  and  was  obtained  by  Laurent  by  passing  a  current 
of  chlorine  gas  through  benzoin  kept  in  fusion  while  the  gas  was 
passing ;  hydrochloric  acid  was  formed  and  benzoyl  disengaged.  It 
was  purified  by  solution  in  alcohol  and  crystallization. 

2123.  The  volatile  oil  of  bitter  almonds  is  a  hydret  of  benzoyl, 
and  this  oil  has  the  property  of  absorbing  oxygen  and  of  being  con- 
verted into  benzoic  acid.    The  change  may  be  thus  explained : 

The  oil  is  .         .      C  H  I  >• 

Benzoic  acid   .         .  CuH«  O3 

So  that  the  oil  contains  1  atom  more  of  hydrogen,  and  I  atom  less  of 
oxygen,  than  the  acid  ;  2  atoms  of  oxygen  are  absorbed,  the  one 
unites  with  1  atom  of  hydrogen  and  forms  water,  while  the  other 
combines  with  (CuH4Oa)  and  converts  it  into  benzoic  acid.  CuHsOt 
must  be  the  base  of  benzoic  acid,  and  the  oil  must  be^this  base  com- 
bined with  an  atom  of  hydrogen,  or  a  hydret  of  benzoiy.  t. 
Properties.  2124.  Benzoyl  is  slightly  yellow,  without  taste  or  smell ;  insoluble 
in  water,  very  soluble  in  alcohol  and  ether,  crystallizing  in  six-sided 
prisms.  Its  lustre  is  vitreous.  It  may  be  volatilized  without  decom- 
position ;  becomes  solid  at  about  196° ;  burns  on  platinum  with  & 
red  flame,    t.  W3. 

Analysis.       The  analysis  afforded 

Carbon  .       .       14  atoms  per  cent.  80. 

Hydrogen  .  5   »      «     «  4.76 

Oxygen  2   «      "     "  15.24 

100. 

Com-  2125.  The  compounds  of  benzoyl  and  their  composition  are  the 

Enw'rl  following: 

Benzoyl        -  -         •         CUH5  Oa 

Hydret  of  "  or  oil  of  bitter  almonds  CuH$Os+H 
Benzoin  .....  CuHj  Oa  +  H 
Benzoic  acid     ....  CuHs  O*  +  O 

Chloride        "  -         -         -     Ci4HsO*  +  CI 

Bromide        "  ...  CuHs  On  -j-  Br 

Iodide  «...  -     CuHs  O2  +  I 

Sulphurct      "  ...  CuHs  O?  +  3 

Cyanide        "  CMHS  02  +  02  N 


de.  (Mm.  et  de  Pkyt.  xb>.  129,  and  Jour,  de  Pharm.  xtru.  177. 
t  NHa+C2Oai  eq.  44.89.   L.  7M.         t  Benzulc.  T  and  L 
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Benzone*       CuH&0  b«ci.  iv. 

Benzinet         C6H3.  Now,  2rC6H3)-h2(C02)=CHH502-|-02  

Benznmide       <H  02-f-H  ■■N 
Benzimide       CMH  502-f-H^N4  ? 


Nitrobenzilot  2(C6H3)4-N04 
Sulphober  /.ide  2(C6  H  3)-f-S03 
Azotobenz,de§2(C6H3)+N 


2126.  Spiroil  and  its  compounds.    Spiroil  is  the  supposed  baseofDi?i 
the  volatile  oil  extracted  from  the  flowers  of  the  spircea  ulmaria.    It 3d* 
is  a  compound  of  CaHsOA  with  an  atom  of  hydrogen.    It  has  not 
been  obtained  in  a  separate  state,  but  it  has  been  combined  with  ox- 
ygen, chlorine,  bromine,  iodine  and  hydrogen,  and  shown  to  form 
definite  compounds  with  each. 

2127.  Sugar.  CJIuAo  =  162.24.    The  term  sugar  has  been  Division 
applied  to  various  substances  characterized  by  a  sweet  taste.  4th- 

2128.  Sugar  may  be  extracted  from  the  juice  of  a  number  of  ve-  Sugars, 
getables,  and  is  contained  in  all  those  having  a  sweet  ta3te  ;  that  Prepara- 
which  is   commonly  employed  is    the   produce  of  the  antndo Uon  0 ' 
saccharifera,  or  sugar-cane,  a  plant  which  thrives  in  hot  climates. 
Its  juice  is  expressed  and  evaporated  with  the  addition  of  a  small 
quantity  of  lime,  until  it  acquires  a  thick  consistency ;  it  is  then 
transferred  into  wooden  coolers,  where  a  portion  concretes  into  a 
crystalline  mass,  which  is  drained  and  exported  under  the  name  of 
muscovado,  or  raw  sugar.    The  remaining  liquid  portion  is  molasses, 
or  treacle.    A  gallon  of  juice  yields  on  an  average  about  a  pound  of 
raw  sugar. 

2129.  The  juice,  which  flows  spontaneously  from  incisions  made  Varietiesof 
in  the  American  maple-tree,  affords  a  quantity  of  sugar  sufficient 8Ugar" 

to  render  it  a  process  worth  following.  The  juice  of  the  carrot,  the 
melon, II  and  still  more  remarkably  of  the  beet  {beta  vulgaris,  l.) 
yields  a  considerable  proportion  of  sugar.  To  obtain  it  from  the  lat- 
ter vegetable,  the  roots,  softened  in  water,  are  to  be  sliced,  and  the 
juice  expressed.  It  is  then  to  be  boiled  down,  with  the  addition  of  a  Beet  sugar, 
little  lime,  till  about  two  thirds  remain,  and  afterwards  strained. 
These  boilings  and  strainings  are  repeated  alternately,  till  the  liquid 
attains  the  consistence  of  syrup,  when  it  is  left  to  cool.  The  su- 
gar thus  extracted,  retains  somewhat  of  the  taste  of  the  root ;  but  it 
may  be  purified  by  the  operation  used  for  the  refining  of  West  India 
sugar,  and  it  then  loses  its  peculiar  flavour.  The  quantity  obtained 
varies  considerably  ;  but  in  general  it  may  be  stated  at  between  four 
and  five  pounds  from  100  lbs  of  the  root,  besides  a  proportion  of  un- 
crystallizable  syrup.  In  Germany  the  expense  has  been  calculated 
at  about  three  pence  per  pound. IT 

♦This  term  was  applied  from  the  analogy  between  benzone  and  acetone,  the  name 
giren  by  Dumas  and  Liebig  to  the  liquid  formerly  called  pyroacetic  spirit. 

tThe  benzine  of  Mitscherlich  is  the  same  with  the  bkarburct  of  hydrogen  of  Fa- 
raday. 

*  Formed  when  nitric  acid  is  made  to  act  upon  his  beozin. 

§  A  substance  obtained  by  distilling  a  mixture  of  nitrobenzide  and  lime.   For  de- 
tails respecting  these  compounds,  see  Thomson's  Orsr.  Bodies,  604. 

||  Quart.  Jour.  N.  S.  1.  239. 

IT  See  Chaptal  On  the  manufacture  of  Sugar  in  France,  Phil.  Mag.  xhrii.  331.  For 
details  respecting  the  manufacture  and  refining  of  sugar,  see  Ure's  Diet.  Artt  and 
f.  1191. 
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chap,  rx.      2130.  Sugar  is  altered  by  the  action  of  the  strong  acids.  Coo- 
Action  of  centrated  sulphuric  acid  poured  upon  sugar  blackens  it,  and  causes  it 
sulphuric    to  deposit  a  charry  matter  when  we  dilute  the  acid  with  water.  When 
1        long  boiled  with  this  acid  it  is  converted  into  sugar  of  grapes,  or  that 
species  of  sugar  into  which  starch  is  converted  by  the  same  process. 
Of  nitric      2131.  By  nitric  acid  it  is  converted  into  oxalhydric  and  oxalic 
acid,        acids :  480  grs.  of  sugar,  treated  with  6  ounces  of  nitric  acid,  dilated 
with  its  own  weight  of  water,  nnd  cautiously  heated,  separating  the 
crystals  as  they  are  formed,  yielded  280  grs.  of  oxalic  acid.    So  that 
100  parts  of  sugar  yield  by  this  treatment  58  ports  of  oxalic  acid.* 
Hydrochloric  acid  acts  upon  sugar  like  the  sulphuric.    When  chlo- 
rine is  passed  through  a  solution  of  sugar,  it  transforms  it  into  oxal- 
hydric acid,  while  the  chlorine  is  converted  into  hydrochloric  acid. 
Of  acids  in    2132.  Malagutti  and  Bouchardlt  have  lately  ascertained  that  acids, 
general.     jn  generaif  even  when  very  dilute,  act  upon  sugar  in  the  same  man- 
ner when  assisted  by  heat.  They  first  convert  it  into  uncrystallizabie 
sugar,  then  into  sugar  of  gropes,  then  into  uncrystallizabie  sugar, 
then  into  ulmic  acid;  and  finally,  if  atmospheric  air  be  present, into 
ulmic  and  formic  acids. 
Absorbs        2133.  Sugar  combines  with  the  acidifiable  bases.    When  intro- 
ammooia.  duced  into  ammonia,  over  mercury,  it  absorbs  the  gas,  diminishes 
in  bulk,  becomes  coherent,  compact,  and  soft,  so  that  it  can  be  cat 
with  a  knife,  and  gives  out  an  ammoniacal  smell. 
Solvents.       2134.  Sugar  is  soluble  in  alcohol,  but  not  in  so  large  a  proportion 
as  in  water.    When  the  solution  is  set  aside  it  deposits  crystals.  It 
unites  with  oils,  and  renders  them  miscible  with  water.    A  moderate 
quantity  of  it  retards  the  coagulation  of  milk  ;  but  a  large  quantity 
promotes  it. 

2135.  When  heated  sugar  melts,  swells,  becomes  brownish  black, 
and  exhales  a  peculiar  smell  known  in  French  by  the  name  caromd. 
At  a  red  heat  it  bursts  into  flame.  See  Appendix. 
Product  of  2136.  When  distilled  in  a  retort  sugar  yields  water,  pyrotnucic 
tudiatilla-  acid,  empyreumatic  oil,  and  a  bulky  charcoal.  When  a  solution  of 
twn-        sugar  is  used  carbonic  acid  and  carburetted  hydrogen  are  obtained. 

It  is  therefore  decomposed  by  heat.t 
Liquid  an-      2137.  Liquid  sugar  exists  in  a  variety  of  fruits  and  vegetable  juices. 
g>r-         It  is  distinguished  by  being  uncrystallizabie.    It  may  be  obtained 
from  the  stalks  of  the  zea  mays,  or  Indian  corn  and  constitues  a  con- 
siderable portion  of  the  molasses  of  common  sugar. 

2138.  Sugar  of  grapes.  CwH,3Oia.  Verjuice,  or  the  liquid  ob- 
tained from  unripe  grapes,  contains  tartar,  sulphate  of  potassa,  sul- 
phate of  lime,  much  citric  acid,  a  little  malic  acid,  extractife,  and 
water,  but  neither  gum  nor  sugar.  As  the  grapes  advance  to  matu- 
rity, the  citric  acid  disappears,  and  gum  and  sugar  appear  in  its  place. 
The  ripe  grape  juice  yields  from  a  third  to  a  fifth  of  solid  matter. 


*  Cruickshanks,  Rollo  on  Diabetes,  460.      t  Jcmr.  it  Pharm.  xxi.  440,  and  627. 

t  For  the  result  of  Prout's  analysis  of  sugar,  see  Phil.  Traru.  1827. 

Fremjr  obtained  an  oily  looking  matter  from  I  part  sugar  and  8  parts  lime,  which 
yielded  acetone  C3H30  and  metacetone  C  6  H  5  O.    Two  atoms  of  sugar  roar  belt- 
solved  into  3  atoms  metacetone,6  atoms  carbonic  acid  and  7  atoms  water;  and  1  atom  of 
sugar  into  3  atoms  of  acetone,  3  atoms  of  carbonic  acid  and  2  atoms  water  (T. 
Starch  and  gum  distilled  with  lime  afford  the  same  product*. 
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The  sugar  may  be  extracted  with  the  aid  of  potassa  and  heau  It  is  Sect,  iv. 
less  sweet  than  that  from  sugar  cane. 

2139.  Starch  may  be  converted  into  a  sugar  possessing  the  pro-  Conversioa 
perties  of  sugar  of  grapes,  by  mixing  it  with  about  4  times  its  weight  ?f  »tarch 
of  water,  and  about  T$\j  part  of  its  weight  of  sulphuric  acid,  boiling  mU>  SU*M' 
for  36  hours,  supplying  water  as  it  evaporates,  saturating  the  acid 

with  lime,  separating  the  sulphate  of  lime  aud  concentrating. 

2140.  Honey  is  also  a  variety  of  sugar  containing  a  crystaliizable 

mod  an  uncrystallizable  portion  ;  the  predominance  of  one  or  other  of  on<jr' 
which  gives  to  it  its  peculiar  character ;  they  may  be  partially  sepa- 
rated by  mixing  the  honey  with  alcohol,  and  pressing  it  in  a  linen 
bag;  the  liquid  sugar  being  the  most  soluble,  passes  through,  leaving 
a  granular  mass,  which  forms  crystals  when  its  solution  in  boiling 
alcohol  is  set  aside.  Honey  also  frequently  contains  wax,  and  a 
little  acid  matter. 

2141.  Manna  is  an  exudation  from  the  Fraxinus  omus,  a  species 
of  ash,  growing  in  Sicily  and  Calabria.  It  exists  in  the  leaves  of 
celery  and  several  other  plants.  To  obtain  pure  manna,  dissolve 
the  manna  of  the  shops  in  boiling  alcohol  and  allow  it  to  cool ;  the 
manna  crystallizes.  It  has  a  sweet  and  somewhat  nauseous  taste, 
and  is  used  in  medicine  as  a  mild  aperient.  The  sweetness  of  manna 
is  owing,  not  to  sugar,  but  to  a  distinct  principle  called  mannite.  Its 
solution  in  water  does  not  appear  susceptible  of  vinous  fermentation. 

2142.  Liquorice  sugar  is  the  inspissated  juice  of  the  glycyrrhiza  Liqooric- 
glabra  a  native  of  Spain.    It  combines  with  bases  and  with  salts,  tugar. 

It  precipitates  the  greater  number  of  metallic  solutions. 

2143.  Glycerin.  CSH704  =  83.  (T.)  This  substance  was  called  Glycerin, 
by  Scheele  sweet  principle  of  oils. 

To  obtain  it  an  oil  may  be  digested  with  an  alkaline  ley  till  converted  into  Process, 
soap.    The  soap  being  separated,  the  alkaline  liquid  is  saturated  with  sulphuric 
acid,  and  any  excess  of  acid  removed  by  carbonate  of  baryta.    Filter  and  evapo- 
rate to  the  consistence  of  a  syrup  :  dissolve  the  syrup  in  alcohol  and  filter  ,  evap- 
orate the  alcoholic  solution  ;  the  glycerin  remains. 

2144.  It  is  a  colourless  syrup,  uncrystallizable,  of  a  sweet  taste  propertj*,. 
and  without  smell.     From  the  analysis  of  Liebig  and  Pelouze  1 

atom  of  glycerin  is  combined  in  stearin  with  2  atoms  of  stearic  acid. 

2146.  Amylaceous  substances.  When  wheat  flour  is  formed  into  a  Diviaion 
paste  with  water,  and  then  held  under  a  small  stream  of  water,  6lh 
kneading  continually  till  the  water  runs  off  colourless,  the  flour  is ff^jy* 
divided  into  two  constituents  gluten  and  starch.    The  starch  is  re-  stances, 
moved  by  the  water  and  subsides  on  standing. 

2146.  The  common  process  for  obtaining  the  starch  of  wheat  consists  in  pncM  ror 
steeping  the  grain  in  water  till  it  becomes  soA ;  it  is  then  put  into  coarse  linen  JJudnlng 
bags,  which  are  pressed  in  vats  of  water  ;  a  milky  juice  exudes,  and  the  starch  dare]] 
rails  to  the  bottom  of  the  vat.    The  supernatant  liquor  undergoes  a  slight  fer- 
,  and  a  portion  of  alcohol  and  a  little  vinegar  is  formed,  which  dis- 


solves some  impurities  in  the  deposited  §  torch  .  it  is  then  collected,  washed,  and 
dried  in  a  moderate  heat,  during  which  it  splits  into  the  columnar  fragments 
which  we  meet  with  in  commerce,  and  which  are  generally  rendered  xltghtly 


blue  by  a  little  smalt. 

2147.  Starch  or  Fecula,  may  be  separated  from  a  variety  of  sub- 
stances ;  and  many  roots.  By  diffusing  the  powdered  grain  or 
the  rasped  root  in  cold  water,  the  grosser  parts  may  be  separated  by 


>arts  may  be  separat 
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a  strainer  and  the  liquor  which  passes  deposits  the  starch,  which  is 
to  be  washed  in  cold  water  and  dried  in  a  gentle  beat. 

2148.  Arrow  root  consists  entirely  of  very  pure  starch.  It  is  ex- 
tracted from  the  potato,  and  the  roots  of  the  jatropha  manihoi  afford 
the  variety  known  as  cassava  and  tapioca.  Sago,  another  variety, 
is  extracted  from  the  pith  of  a  species  of  palm  the  mgus  raphia 
which  grows  in  the  East  India  Islands.*  Salop  comes  from  Persia 
and  is  supposed  to  be  the  prepared  roots  of  different  species  of 
orchis.  Of  rice,  starch  constitutes,  according  to  Braconnot,  from  S3 
to  85  per  cent. 

2149.  Pure  starch  is  a  white  substance,  insoluble  in  cold  water, 
but  readily  soluble  at  a  temperature  between  160°  and  180°.  Its 
solution  is  gelatinous,  becomes  mouldy  and  sour  by  exposure  to  air, 
and  by  careful  evaporation  yields  a  substance  resembling  gum  in 
appearance,  which  is  a  compound  of  starch  and  water.  Starch  is 
insoluble  in  alcohol  and  in  ether ;  its  most  characteristic  property  is 
that  of  forming  a  blue  compound  with  iodine. 

2150.  Starch  consists  essentially  of  two  distinct  substances. 
1.  The  liquid  portion  which  fills  each  little  vesicle  composing  it,  and 
this  liquid  consists  of  water  holding  in  solution  a  peculiar  substance 
which  is  called  amidin-i  2.  The  vesicular  portion  of  the  grain, 
insoluble  in  water,  and  called  amylin.f  According  to  Guerin— 
Vary,  potato  starch  is  composed  of 

Extorior  togumentary  amylin,  -  -  -  2.12 
Amidin     -      -      -      -  -      -  38.13 

Amylin  59.75 
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2151.  Amidin  or  the  soluble  part  of  starch  has  neither  taste  nor 
smell.  Cold  water  dissolves  it,  but  it  is  more  soluble  in  boiling 
water:  it  is  insoluble  in  alcohol  and  ether.  Its  aqueous  solution 
soon  becomes  acid.  Digested  in  nitric  acid  it  forms  oxalhydric  acid, 
and  then  oxalic  acid.  100  parts  of  amidin  and  250  of  sulphuric 
acid  at  the  temperature  of  150°  furnish  95.8  parts  of  anhydrous 
sugar. 

2152.  Amylin  is  insoluble  in  water,  it  does  not  dissolve  in  boiling 
water,  nor  in  alcohol  or  ether;  but  it  swells  in  water  and  becomes 
white.  When  100  parts  are  digested  with  800  of  nitric  acid,  25.46 
parts  of  anhydrous  oxalic  acid  are  formed.    When  digested  in  sul- 

fmuric  acid  and  water  it  is  converted  into  sugar:  100  parts  of  amy* 
in  give  110.57  of  hydrous  sugar. 

From  pure  amylin  Prout  obtained 

Carbon  43.31 

Hydrogen  6.49 

Oxygen  50.20 

 100 

Numbers  which  lead  to  the  conclusion  that  it  is  composed  of  12  atoms  carbon, 
10  hydrogen  and  10  oxygen.  (T.) 
It  is  probable  that  the  dextrine  of  Biot  and  Person  consists  chiefly  of 

T.  65C. 

*  See  ao  account  of  its  preparation  in  Forrst's  Voyage,  p.  3f. 
t  Vary  in  Ann.  de  Chim.  el  de  Phye.  l?i.  231. 

t  Prom  the  Greek  word  a(lvloP  torch.         §  Jour,  de  Phartn,  xxii.  «I0. 
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2153.  Hordein  may  be  obtained  from  barley-meal  made  into  a  s»o.  iv. 
paste  with  water  and  washed  by  a  current  of  water  dropping  on  it.  Hordein. 
The  starch  and  hordein  are  washed  away.    By  boiling  in  acidulous 
water,  the  starch  is  taken  up,  and  the  hordein  remains  unaltered.  It 
amounts  to  from  54  to  56  per  cent,  of  the  meal. 

2154.  it  is  a  yellow  powder,  resembling  sawdust ;  insoluble  in  Properties, 
water  and  alcohol,  does  not  yield  ammonia  ;  but  yields  oxalic  and 

acetic  acids.    During  the  malting  of  barley,  the  hordein  is  converted 
into  starch. 

2155.  Uchenin  is  the  name  given  to  what  was  once  called  the  Lkhenin. 
starch  of  the  cetraria  istandica  or  Iceland  moss,  which  when  good 
yields  about  444-  per  cent.    In  cool  water  it  swells  up  but  does  not 
dissolve.    It  is  coloured  blue  by  iodine,  and  is  precipitated  by  alco- 
hol.   It  appears  to  be  isomeric  with  amidin.    According  to  Herber- 

ger  it  is  poisonous.41 

2156.  Inulin  is  obtained  from  the  roots  of  the  inula  helenium,  loulin. 
colchicum  autumnale,  and  more  abundantly  from  the  dahlia  purpurea. 

It  is  a  fine,  white,  tasteles  powder.    It  is  precipitated  from  its  aque- 
ous infusion  by  infusion  of  nut-galls. 

2157.  Lignin  or  woody  fibre  constitutes  the  fibrous  structure  ofkignin. 
vegetable  substances,  and  is  the  most  abundant  principle  in  plants. 

The  different  kinds  of  wood  contain  about  96  per  cent,  of  lignin.  It 
is  prepared  by  digesting  the  sawings  of  any  kind  of  wood  succes- 
sively in  alcohol,  water,  and  dilute  hydrochloric  acid,  until  all  the 
substances  soluble  in  these  menstrua  are  removed. 

2158.  Lignin  has  neither  taste  nor  odour,  undergoes  no  change  by  Properth  •». 
keeping,  and  is  insoluble  in  alcohol,  water,  and  the  dilute  acids.  By 
digestion  in  a  concentrated  solution  of  pure  potassa,  it  is  converted 
according  to  Braconnot  into  a  substance  similar  to  ulmin.  Mixed 

with  strong  sulphuric  acid  it  suffers  decomposition,  and  is  changed 
into  a  matter  resembling  gum  ;  and  on  boiling  the  liquid  for  some 
time  the  mucilage  disappears,  and  a  saccharine  principle  like  the 
sugar  of  grapes  is  generated.  Braconnot  finds  that  several  other 
substances  which  consist  chiefly  of  woody  fibre,  such  ns  straw,  bark, 
or  linen,  yield  sugar  by  a  similar  treatment.t 

2159.  Xyloidin  is  a  substance  obtained  by  the  action  of  con-  Xyloidin. 
centrated  nitric  acid  on  starch,  lignin  and  some  other  substances. 
When  the  acid  of  density  1.5  is  added  to  starch,  a  solution  is  ob- 
tained, which  if  treated  immediately  with  water,  deposits  the 
xyloidin. 

Xyloidin  is  a  compound  of  nitric  acid  and  starch,  an  atom  of 
water  in  common  starch  being  replaced  by  an  atom  of  nitric  acid.t 
It  is  very  combustible. y 

2160.  The  exudations  from  various  trees  and  plants  which  have  Division 
been  called  gums,  may  be  arranged  under  three  genera,  viz.  arabin,  gjj^ 
bassorin  and  cerasin. 

2161.  The  term  Arabin  was  applied  by  Chevreul  to  gum  arabic,  Arabia. 


*  Jour,  de  Pharm.  xrii.  229. 

t  Ann  de  Chim.  et  de  Phyt.  xii.  For  other  principles  of  this  division  see  T.  Org. 
BoditM. 

t  Petouze.  i  Sec  Jour,  of  the  Frank.  Instit.  xxiv.  119. 
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tx.  which  consists  almost  entirely  of  arabin.    Gum  arabic  comes  from 

the  Levant  but  its  use  has  been  in  a  great  measure  superseded  in 

G.  Britain  by  gum  Senegal.    It  is  in  small  rounded  drops  or  tears. 

sp.  gr.  is  1.355.    It  is  composed  of 

Arabin  79.4 

Ashes  3.0 

Water  17.6 
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2162.  Arabin  is  colourless,  tasteless,  inodorous,  and  transpa- 
rent,  friable  when  dry,  tough  when  moist.  It  softens  at  a  tempera- 
ture between  282°  and  392°  and  may  be  drawn  out  into  threads.  It 
is  insoluble  in  alcohol.    With  water  it  forms  mucilage. 

Use*.  It  is  viscid  and  glutinous,  and  is  used  by  calico-printers  to  thicken 

their  colours  and  mordants  to  prevent  their  spreading  on  the  cloth. 
It  may  be  kept  for  years  without  much  change,  but  finally  becomes 
acid. 

2163.  Boiled  with  sulphuric  acid  it  is  converted  into  sugar,  but 
which  differs  from  starch  sugar  in  not  fermenting  with  yeast.  With 
nitric  acid  it  yields  mucic  and  oxalic  acids.  Its  atomic  composition 
is  the  same  as  that  of  sugar  in  crystals. 

2164.  The  principal  varieties  of  gum  consisting  altogether  or 
chiefly  of  arabin,  are  gum  arabic,  gum  Senegal  and  mucilage  of 
lintseed. 

2165.  Bassorin  was  first  noticed  by  Vauquelin  in  a  gum  from 
Bassora.  When  this  gum  is  treated  with  water,  the  bassorin  re- 
mains in  a  gelatinous  form.  It  has  since  been  found  in  gum  traga- 
canth  and  cherry-tree  gum.  It  is  solid,  colourless,  insipid  and  ino- 
dorous ;  insoluble  in  water,  but  swells  up  and  becomes  a  jelly.  It 
is  insoluble  in  alcohol.  By  the  action  of  nitric  acid  mucic  and 
oxalic  acids  are  formed.  With  sulphuric  acid  it  forms  a  crystalliza- 
ble  sugar. 

2166.  Cerasin  is  the  name  given  to  a  substance  in  cherry-tree 
gum  which  remains  undissolved  when  that  gum  is  treated  with  cold 
water.  It  is  isomeric  with  arabin.  It  is  solid,  insipid  and  inodo- 
rous ;  insoluble  in  alcohol,  swells  in  cold  water,  but  does  not  dis- 
solve.   When  boiled  in  water  it  is  converted  into  arabin.4' 

2167.  Gluten  may  be  obtained  from  wheat-flour,  by  forming  it 
into  a  paste  and  washing  it  under  a  small  stream  of  water.  The 

.  starch  is  thus  washed  away,  and  a  tough  elastic  substance  remains, 
which  is  gluten. 

Its  colour  is  gray,  and,  when  dried,  it  becomes  brown  and  brittle. 
It  is  nearly  insoluble  in  water  and  in  ether.  When  allowed  to 
putrefy  it  exhales  an  offensive  odour,  and  when  submitted  to  de- 
structive distillation,  it  furnishes  ammonia,  a  circumstance  in  which 
it  resembles  animal  products.  Most  of  the  acids  and  the  alkalies 
dissolve  it. 

Gluten  has  been  resolved  by  modern  chemists  into  four  distinct 
principles,  viz.  albumen,  emulsin,  mucin,  and  glutin. 
Albumen.      2168.  Albumen.  When  fresh  gluten  is  digested  in  hot  alcohol  till 
every  thing  soluble  is  takeu  up,  a  bulky  substance  of  a  grayish 

*  Calendulin  is  obtained  from  the  flower  of  the  calendula  officinalis,  or 
Saponin  was  discovered  in  the  root  of  the  sarxmaria  officinalis 
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colour  remains,  which  constitutes  what  has  been  called  vegetable  s*t.  W 
albumen.    It  is  soluble  in  water ;  but  coagulates  when  heated.  It 
is  insoluble  in  alcohol  and  ether.   When  dry  it  is  opaque.    It  is  pre- 
cipitated from  acid  solutions,  by  carbonate  of  ammonia. 

2169.  Emulsin  is  the  name  given  to  a  peculiar  substance  which 
exists  iu  almonds,  and  which  has  the  property  of  decomposing  mu*m- 
amygdalin,  and  of  forming  hydrocyanic  acid  and  volatile  oil  of  bit- 
ter almonds. 

2170.  Mucin  is  obtained  when  alcohol  is  boiled  upon  the  gluten 
of  wheat.  It  dries  into  transparent  grains,  burns  like  animal  mat- 
ter; is  more  soluble  in  water  than  gluten,  and  constitutes  about  4 
per  cent,  of  the  gluten  of  wheat  flour.  100  parts  of  hot  water  dis- 
solve 4  parts  of  mucin,  and  the  solution  soon  putrefies. 

2171.  The  aqueous  solution  of  mucin  is  precipitated  by  infusion 
of  nutgalls,  slightly  by  alcohol.  When  made  into  a  paste  with 
starch  and  kept  for  10  hours  at  145°  it  converts  the  starch  into 
sugar  and  dextrine. 

2172.  Glutin  may  be  obtained  by  boiling  alcohol  upon  the  gluten  Glutioob- 
of  wheat  and  freeing  the  solution  from  mucin  by  repeated  precipita- 
tions.   On  evaporating  the  alcohol  the  glutin  is  left  as  a  yellowish 
translucent  matter. 

2173.  Glutin  is  almost  insoluble  in  water,  but  soluble  in  alcohol, 
ether,  dilute  acids  and  caustic  alkaline  leys.  It  is  precipitated  by 
infusion  of  nutgalls.* 

2174.  Caoutchouc,  elastic  gum  or  Indian  rubber,  is  the  concrete 
juice  of  the  Haevea  caoutchouc  and  Iatropa  elastica,  natives  of  South  ^^*ioD 
America,  and  of  the  Ficus  Indica  and  Artocarpus  integrifolia,  caout- 
which  grow  in  the  East  Indies.    It  is  a  soft  yielding  solid,  of  achouc. 
whitish  colour  when  not  blackened  by  smoke,  possesses  considera- 
ble tenacity,  and  is  particularly  remarkable  for  its  elosticity.t    It  is 
inflammable,  and  bums  with  a  bright  flame.    It  is  insoluble  in  water 
and  alcohol ;  but  it  dissolves,  though  with  some  difficulty,  in  pure 
ether.    It  is  very  sparingly  dissolved  by  the  alkalies,  but  its  elasti- 
city is  destroyed  by  their  action.    By  the  sulphuric  and  nitric  acids 
it  is  decomposed,  the  former  causing  deposition  of  charcoal,  and  the 
latter  formation  of  oxalic  acid. 

2175.  Caoutchouc  is  soluble  in  the  essential  oils,  spirits  of  turpen- 
tine, ether,  naphtha,  cajeput  oil,  and  in  the  volatile  liquid  obtained 
by  distilling  caoutchouc  ;  and  from  all  these  solvents,  except  the 
essential  oils,  it  is  left  on  evaporation  without  loss  of  its  elasticity. 

*  Zein  is  the  name  given  by  Gorham  (Jour,  of  Scien.  xi.  205.)  to  the  gluten  of  zea  u\n 
mais  or  Indian  corn    According  to  Gorham  it  contains  no  nitrogen  and  yields  no 
ammonia  when  distilled  ;  but  Bizio  affirms  that  he  obtained  ammonin  from  it. 

Vucin  is  obtained  from  bird-lime  ,  which  is  prepared  from  the  middle  bark  of  the  %-,.„,«,. 
holly  boiled  in  water  and  deposited  in  pits  till  it  becomes  viscous. 

Pollenin  is  a  peculiar  substance  found  in  the  pollen  of  the  piniu  abies,  lycopodium  Poii.nin. 
clavatum,  &c. 

Legumin  is  contained  in  the  cotyledons  of  the  seeds  of  papilionaceous  plants.  Ufumis. 
Amygdalin  exists  in  the  bitter  almond.  Amrffe 
Olairin  is  the  name  applied  to  a  substance  observed  in  the  sulphureous  waters  of  awrm. 

some  springs.   It  gelatinizes  by  concentration.   Decomposed  it  yields  ammonia.  It 

is  probably  of  vegetable  origin. 


t  For  some  curious  experiments  on  the  connection  between  the  temperature  of 
caoutchouc  and  its  elasticity  see  T.  Org.  Bodies,  696,  and  Manchester  Memoir*,  ii. 
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Ch*P.  ix.  Before  actually  dissolving,  the  caoutchouc  swells  up  remarkably, 
aud  acquires  a  soft  gelatinous  aspect  and  consistency  ;  in  this  state 
it  is  used  for  rendering  cloth  and  leather  impervious  to  water,  and, 
as  suggested  by  Mitchell,  may  be  cut  with  a  wet  knife  into  thin 
sheets  or  bottles,  and  be  extended  to  a  great  size.* 

Preparation    In  preparing  caoutchouc  for  the  action  of  spirits  of  turpentine, 

tfh?u<5!  ammonia  is  now  used  witn  advantage.  The  caoutchouc  is  cut  into 
shreds,  covered  with  caustic  ammonia,  and  left  in  this  state  several 
months  ;  it  becomes  soft,  swells,  but  is  still  elastic.  It  is  then  treat- 
ed with  spirits  of  turpentine,  and  by  agitation  converted  into  an 
emulsion ;  in  a  short  time  it  swims  on  the  surface,  and  may  be 
removed.  A  much  smaller  quantity  of  turpentine  is  required  when 
the  caoutchouc  has  been  thus  softened. 

Effect  of  2176.  When  caoutchouc  is  cautiously  heated,  it  fuses  without  de- 
composition  ;  but  at  a  higher  temperature  it  is  resolved  into  a  volatile 
liquid  of  a  brown  colour,  which  amounts  to  -rfyhs  of  the  original 
caoutchouc.  When  carefully  rectified,  a  very  volatile  liquid  of  sp. 
gr.  0.64  is  obtained,  which  is  very  combustible  and  burns  with  a 
bright  flame,  mingles  with  alcohol,  and  dissolves  copal  and  other 
resins.  It  is  very  useful  as  a  solvent  for  caoutchouc  and  for  the  pre- 
paration of  varnishes. 

Uses.  2177.  Caoutchouctin  thin  sheets  is  exceeding  useful  in  the  labo- 

ratory, for  joining  glass  tubes,  &c.  so  as  to  make  an  air  tight  joint 
and  at  the  same  time  preserve  flexibility. 

2178.  The  milky  juice  carried  from  South  America  was  found  by 
Faraday  to  be  composed  of 

Water,  56.37 

Caoutchouc  31.70 

Albumen  1.90t 

Wax,  a  trace   

An  azotic  body  7.13 

Gummy  body   2.90 
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His  analysis  of  caoutchouc  gave 

Carbon,  87.2 

Hydrogen,         -  12.8 

Thomson  thinks  it  composed  of  an  equal  number  of  atoms  of  carbon  ud 
hydrogen. 

Products  of    2179.  By  distillation  at  a  low  temperature  and  exposing  the  pro- 
distillation,  fac^  t0  a  freezing  mixture,  several  different  liquids  have  been 
obtained  from  caoutchouc. t    These  &TeEupion§  a  limpid  liquid  that 
boils  at  124°  ;  Caoutchene  an  oily  substance  ;  Heevene  which  remains 

*  Soak  the  common  bags  in  sulphuric  ether,  sp.  gr.  0.753,  at  a  temperature  not  le» 
than  60°  Fahr  for  a  period  of  time  not  less  than  one  week,  (the  longer  the  better) 
Empty  the  bag,  wipe  it  dry,  put  into  it  some  dry  powder,  such  as  starch,  insert  a  tube 
into  the  neck,  and  fasten  it  by  a  broad  soft  band  slightly  applied,  and  then  commence 
by  mouth  or  bellows  the  inflation.  If  the  bag  be  unequal  in  thickness,  restrain  by  the 
hand  the  bulging  of  the  thinner  parts,  until  the  thicker  have  been  made  to  give  way  ■ 
little.  When  the  bag  has  become  by  such  means  nearly  uniform,  inflate  a  little  more, 
shake  up  the  included  starch,  and  let  the  bag  collapse.  Repeatthe  inflations  until  the 
bag  is  sufficiently  distended. 

t  From  recent  experiments  Ure  infers  that  albumen  is  not  a  necessary  constituent  of 
the  juice.   See  his  new  experiments  in  PhUos.  Mag.  July  1839. 

X  Bouchardt,  Jour,  de  Pharm.  xxiii.  464. 

*  From  the  Greek  ev  well  and  nuav  fatty. 
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after  the  volatile  oils  are  distilled  off;  it  is  an  acid  liquid  boiling  at  s«ct.iv. 
600°  and  burning  like   the  volatile  oils  ;  and  carburet  of  hy- 
drogen. 

2180.  Extractive.  Most  plants  yield  to  water  a  substance  differing  DiTision 
from  any  proximate  principles  of  vegetables,  which  constitutes  a  part  9th. 

of  what  is  called  an  extract  in  pharmacy,  and  which  has  been  express-  Extractive, 
ed  by  the  term  extractive.    It  is  always  mixed  with  other  princi- 
ples and  there  is  no  proof  that  it  is  identical  in  different  plants. 
Berzelius  distinguishes  it  by  the  name  of  apotheme  (deposite). 

2181.  Many  vegetable  substances  have  an  intensely  bitter  taste,  0jTision 
and  on  that  account  are  employed  in  medicine,  by  brewers,  &c.  )0tb. 
There  appears  to  be  a  great  variety  of  bitter  principles,  many  of  Bitter  prio- 
which  have  received  distinct  names  derived  from  the  name  of  the  ciP,e*- 
vegetable,  as  quassite  from  Quassia,  gentianite  from  gentian,  eolo- 
cynthite  from  colocynth,  &c. 

2182.  Products  of  the  destructive  distillation  of  vegetable  sub-  Dmsiou 
stances.    Some  of  these  are  found  in  matters  existing  on  the  earth  ; 

but  it  is  probable  that  they  have  been  formed  originally  by  the  HestructWe 
destructive  distillation  of  vegetables  or  trees,  in  some  great  processes  distillation, 
of  nature. 

2183.  Naphtha.  This  liquid  exudes  from  the  earth  in  Persia  and  Naphtha, 
some  other  countries ;  and  is  obtained  by  distilling  petroleum  and 
asphaltum,  and  by  rectifying  coal  tar.  Naphtha  is  limpid,  and  colour- 
less, like  water ;  it  has  a  bituminous  odour,  a  sp.  gr.  of  0.817  and  properties 
burns  with  much  flame  and  smoke. 

2184.  It  is  insoluble  in  water,  but  soluble  in  alcohol.  It  softens 
caoutchouc  which  swells  in  it  to  more  than  30  times  its  original  bulk 
and  becomes  gelatinous  and  transparent :  by  long  boiling  a  solution 
is  effected. 

2185.  Petroleum  is  less  limpid  than  naphtha,  and  unctuous  to  the  petroieum. 
touch.  Asphaltum  is  a  solid,  brittle  bitumen  of  a  black  colour,  and  Asphaltum. 
vitreous  lustre.    It  is  soluble  in  about  5  times  its  weight  of  naphtha, 

and  the  solution  forms  a  good  varnish.  It  is  found  on  the  surface 
and  on  the  banks  of  the  Dead  Sea,  and  in  large  quantities  in  Barba- 
does  and  Trinidad. 

2186.  Among  the  products  of  the  destructive  distillation  of  vege-  Tar  from 
table  and  animal  substances  is  a  black  inflammable  liquid  called  tar. 
A  large  quantity  is  formed  during  the  distillation  of  wood  and  the 
preparation  of  coal  gas.  This  tar  has  been  found  to  contain  several 
new  principles  paraffin,  eupion,  creosote,  picamar,  capnomor  and 
pittacal. 

2187.  Paraffin  is  obtained  most  abundantly  from  the  tar  of  the 
beech  tree.  It  i3  a  transparent  and  crystalline  substance,  of  a  white 
colour,  and  destitute  of  taste  and  smell.  It  melts  at  110°  into  a 
colourless  oil :  at  a  higher  temperature  it  boils  and  may  be  distilled. 
Its  sp.  gr.  is  0.870. 

2188.  It  has  very  little  tendency  to  combine  with  other  bodies ; 
hence  its  name  paraffin  {parum  offinis.)    Ether  is  its  best  solvent. 

2189.  Eupion'xs  obtained  by  distilling  the  tar  which  is  procured  by 
decomposing  animal  matter  in  the  dry  way.  It  may  also  be  obtained 
from  vegetable  and  coal  tar ;  or  much  purer  from  rapeseed  oil.  The 
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oil  is  distilled  in  an  iron  retort  with  a  moderate  fire,  so  that  the  oil 
may  not  pass  over.* 

2190.  It  is  a  colourless  liquid,  which  does  not  become  solid  though 
cooled  down  to  — 4°.  It  is  tasteless  but  smells  like  blossoms.  It 
boils  at  1KH '.  Its  sp.  gr.  is  0.655.  Absolute  alcohol  dissolves  it. 
Naphthaline,  camphor,  tallow,  and  many  other  substances  dissolve  in 
eupion  ;  caoutchouc  swells  enormously  in  it,  and  on  boiling  is  dis- 
solved. 

2191.  Creosote  was  discovered  by  Reichenbach  in  1832.  It  exists 
in  impure  pyroligneous  acid,  but  is  best  prepared  from  those  portions 
of  the  oil  distilled  from  wood-tar  which  are  heavier  than  water. 
The  oil  is  first  freed  from  adhering  acetic  acid  by  carbonate  of  po- 
lassa,  and,  after  separation  from  the  acetate,  is  distilled.  A  little 
phosphoric  acid  is  mixed  with  the  product  to  neutralize  ammonia, 
and  another  distillation  resorted  to.  It  is  next  mixed  with  a  strong 
solution  of  potass  a,  which  combines  with  creosote,  allows  any  eupi- 
on which  may  be  present  to  collect  on  its  surface,  and  by  digestion 
decomposes  other  organic  matter  :  the  alkaline  solution  is  then 
neutralized  by  sulphuric  acid,  and  the  oil  which  separates  is  collect* 
ed  and  distilled.  For  the  complete  purification  of  the  creosote,  this 
treatment  with  potassa,  followed  by  neutralization  and  distillation, 
requires  to  be  frequently  repeated. 

2192.  Creosote  is  a  colourless  transparent  liquid  of  an  oily  con* 
sistence,  which  retains  its  fluidity  at  — 17°,  has  a  sp.  gr.  of  1.037  at 
68°,  boils  at  397°,  is  a  non-conductor  of  electricity,  and  refracts 
light  powerfully.  It  has  a  burning  taste  followed  by  sweetness,  and 
its  odour  is  like  that  of  wood-smoke  or  rather  of  smoked  meat.  It 
is  highly  antiseptic  to  meat :  the  antiseptic  virtue  of  tar,  smoke,  and 
crude  pyroligneous  acid  seems  owing  to  the  presence  of  creosote. 
Its  name,  from  *Q£&i  flesh,  and  I  save,  was  suggested  by  this 
property. 

Solubility,  2193.  Creosote  requires  about  80  parts  of  water  for  solution,  and 
**•  is  soluble  in  every  proportion  in  alcohol,  ether,  sulphuret  of  carbon, 
eupion,  and  naphtha.  It  has  neither  an  acid  nor  alkaline  reaction 
with  test  paper,  but  combines  both  with  acids  and  alkalies.  With 
potassa,  soda,  lime,  and  baryta  it  forms  compounds  soluble  in  water; 
but  the  creosote  is  separated  even  by  feeble  acids.  Of  the  acids,  it 
unites  most  readily  with  the  acetic,  dissolving  in  every  proportion: 
by  strong  nitric  and  sulphuric  ncid  it  is  decomposed.  Creosote  unites 
also  with  chlorine,  iodine,  bromine,  sulphur,  and  phosphorus. 
Coagulates  2194.  Creosote  acts  powerfully  in  coagulating  albumen,  this  effect 
being  produced  by  a  solution  of  one  drop  in  a  large  quantity  of  water. 
It  acts  with  energy  on  living  beings.  Insects  and  fish  thrown  into 
the  aqueous  solution  of  creosote  are  killed,  and  plants  die  when 
watered  with  it.  It  appears  useful  in  medicine  ;  it  is  said  to  be  very 
efficacious  as  a  topical  application  in  tooth  ache,  ulcers,  and  cutaneous 
diseases;  and  it  probably  admits  of  many  other  applications. 

Creosote  is  a  compound  of  carbon,  hydrogen,  and  oxygen;  the 
ratio  of  its  elements  is  CgHaiO.t  T. 

*  For  details  of  the  process  see  T.  Org.  Bodies,  726. 

lAmpdin  was  prepared  by  Laurent  from  the  oil  of  bituminous  slate,  which  boib  «J 
392°  and  636.°  (Ann.  de  Chim.  et  de  Phyt.  x\r.  326.)  It  is  an  oily  looking  tip* 
soluble  in  water. 
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2195.  Picamar.  This  substance  is  the  bitter  principle  of  tar,  Sect,  tv. 
whence  it  derives  its  name  (in  pice  amarum.)  It  is  present  in  the  Picamar. 
heaviest  portions  of  the  rectified  oil  of  tar,  and  when  these  are  treat- 
ed by  potassa,  a  crystalline  compound  of  the  alkali  and  picamar 
is  formed  :  this  compound,  when  purified  by  repeated  solution  in 
water  and  crystallization,  is  decomposed  by  phosphoric  acid,  and  the 
picamar  separated  by  distillation. 

8196.  Picamar  is  an  oily  colourless  liquid,  of  a  peculiar  odour  and  Properties, 
very  bitter  taste.  Its  sp.  gr.  is  1.100,  and  it  boils  at  545°,  being  con- 
siderably less  volatile  than  creosote.  It  is  insoluble  in  eupion  and 
sparingly  soluble  in  water  ;  but  it  dissolves  without  limit  in  alcohol 
and  ether.  It  has  no  action  on  test  paper ;  but  it  unites  with  potassa 
as  above  mentioned,  and  strong  sulphuric  acid  dissolves  it  without 
decomposition.  From  its  permanence  in  the  air,  its  fixity  when 
heated,  and  its  oily  nature,  it  is  well  adapted  for  greasing  machinery 
and  protecting  it  from  rust. 

2197.  Pittacal.   When  the  heavy  oil  of  tar  is  digested  with  a  so-  pittacal. 
lution  of  baryta,  a  fine  blue  colour  appears,  which  is  due  to  pittacal, 

from  nmer  pitch,  and  xaMos  ornament.  It  is  a  solid  of  a  beautiful 
blue  colour,  which  admits  of  being  fixed  as  a  dye.  It  is  very  perma- 
nent, contains  nitrogen  as  one  of  its  elements,  and  appears  to  belong 
to  the  same  class  of  bodies  as  indigo. 

2198.  Capnomor.  This  substance  occurs  along  with  creosote,  pi-  Capnomor. 
camar,  and  pittacal  in  the  heavy  oil  of  tar.    On  digesting  that  oil 

with  solution  of  potassa,  the  three  latter  principles  are  dissolved,  and 
the  capnomor  collects  on  the  surface,  combined  with  a  little  eupion. 
The  capnomor  is  then  dissolved  by  sulphuric  acid,  in  which  eupion 
is  insoluble;  and  from  the  solution, on  being  neutralized  with  carbo- 
nate of  potassa,  capnomor  separates,  and  is  purified  by  distillation. 
Its  name  is  derived  from  narxvof  smoke,  and  poloa  part,  because  it  is 
one  of  the  ingredients  of  smoke. 

2199.  Capnomor  is  a  colourless  transparent  liquid,  of  a  pungent  ^xo^x\i9%. 
taste  and  rather  pleasant  odour,  has  a  sp.  gr.  of  0.975,  and  refracts 

light  almost  as  powerfully  as  creosote.  It  boils  at  365°.  It  is  inso- 
luble in  water  and  solution  of  potassa,  and  is  soluble  in  alcohol,  ether, 
and  eupion.  It  has  the  property  of  dissolving  caoutchouc,  espe- 
cially when  heated,  and  is  the  only  ingredient  of  tar  which  does  so : 
its  presence  in  coal  naphtha  is  the  cause  of  the  solvent  action  of  that 
liquid  on  caoutchouc.  The  composition  of  capnomor  has  not  been 
ascertained,  though  doubtless  carbon  and  hydrogen  are  its  principal 
ingredients,  t.  5.  From  its  being  decomposed  by  nitric  acid  Thomson 
is  inclined  to  suspect  that  it  contains  oxygen. 

2200.  Ccdrirct  has  been  still  more  recently  obtained  by  Reichen-  Cedhret. 
bach  from  the  rectified  oil  of  the  tar  of  beech  wood.    It  strikes  a  red 
colour  with  persulphate  of  iron,  and  all  substances  that  easily  part 

with  oxygen  ;  even  the  oxygen  of  the  air  renders  the  liquid  red.  It 
forms  red  crystals  which  lie  upon  the  filter,  entangled  in  each  other 
like  a  net,  hence  the  name  from  cedrium  an  old  name  for  the  sour 
water  of  tar  burners,  and  rete  a  net 

2201.  Naphthaline.  ( '  1 1,  =  64  eq.  This  substance  was  discovered  Naphtha- 
in  1819  in  one  of  the  condensing  vessels  erected  in  London  for  the  to*- 


Organic  Chtmittry — Coal  Gas. 

Ch>p.  IX.  distillation  of  coal  tar.*    It  was  named  from  its  connexion  with  coal 
naphtha. 

Obtained.      2202.  When  coal  is  heated  in  iron  retorts,  for  the  preparation  of 

coal  gas,  much  brown  semi-fluid  matter  is  obtained  called  coal  tar. 

It  is  from  this  tar  that  coal  naphtha  and  naphthaline  are  procured. 

To  obtain  the  latter  the  tar  is  distilled. 

The  first  fourth  that  comes  over  is  partly  naphtha,  with  water  holding  ammo- 
nia and  naphthaline  in  solution.  The  next  fourth  part  is  a  dense  oil  mixed  with 
naphthaline,  the  latter  increases  in  quantity  as  the  distillation  proceeds.  From 
the  last  portions  distilled  the  naphthaline  crystallizes  and  may  be  freed  from  tbe 
oil  by  pressure  between  folds  of  blotting  paper  and  then  subliming  at  a  gentle 
beat.t 

Properties.  2203.  Naphthaline  is  white  and  of  a  pearly  lustre.  Its  smell  is 
aromatic,  its  taste  pungent.  It  evaporates  spontaneously.  It  melts 
at  174°  and  boils  at  410°.t  With  sulphuric  acid  it  forms  sulpko- 
naphihalic  acid. 

Action  of       2204.  Chlorine  and  bromine  act  with  violence  on  naphthaline, 
chlorine,    heat  is  disengaged  and  hydrochloric  and  hydrobromic  acids  are 
formed.    It  is  composed  of  10  atoms  carbon  and  4  hydrogen  =  65.2. 

2205.  When  nitric  acid  and  naphthaline  are  left  in  contact  at  com- 
mon temperatures  no  action  takes  place.    But  if  the  acid  is  boiled, 
red  vapours  are  emitted  and  an  oily  layer  collects  on  the  surface, 
thalese*ph"  wnicn  affords  two  products  :  one  solid,  which  is  nitronaphthalete,  the 
other  a  liquid  separable  by  bibulous  paper. 

Another  substance  obtained  from  coal  tar  is  paranaphthaline,  so 
named  by  Dumas  from  its  composition  being  the  same  as  that  of 
naphthaline. y 

In  oil  and  2206.  In  the  coal  and  oil  gases  prepared  for  ordinary  combustion, 
coal  gases,  small  portions  of  several  of  the  foregoing  substances  arc  believed  to 

be  present,  communicating  their  peculiar  properties  and  improving 

the  brilliancy  of  the  light. 

Coal  gas  T?he  distillation  of  coal  is  conductod  in  oblong  cast-iron  cylinders,  or  retorts, 
which  are  ranged  in  furnaces  to  keep  them  at  a  red  heat,  and  all  the  volatile 
products  are  conveyed  by  a  common  tube  into  a  condensing  vessel,  kept  cold  by 
immersion  in  water ;  and  in  which  the  water,  tar,  ammoniacal,  and  other  con- 
densable vapours,  are  retained  ;  the  gaseous  products  consist  principally  of  eanVo- 
retted  hydrogen,  bydrosulphuric  acid  gas,  carbonic  oxide  and  acid  :  these  are 
passed  through  a  mixture  of  quicklime  and  water  in  vessels  called  pur$ers,)sj 


remaining  in  the  retorts  is  of  a  very  good  quality.|| 


*  Ann.  Philos.  xv.  74,  vi.  N-  S.  135,  and  Phil.  Trans.  1821,  209. 

tReichenbach  has  endeavoured  to  prove  that  naphthaline  does  not  exist  ready 
formed  in  coal-tar,  but  that  it  is  formed  when  the  oil  existing  in  this  tar  is  exposed  u> 
a  hiirh  temperature,  but  this  was  not  confirmed  by  the  experiments  of  Laurent,  far 
which  see  T.  Org.  Bodies,  738.  J413i°,  Dumas. 

i  NapfUhalic  Acid.  CioH^O^.  This  acid  has  great  resemblance  to  benzoic;  it  is 
2£"  *,lc  white,  when  pure,  and  crystallizes  in  long  feathery  crystals.  It  melts  at  212°  and 
may  he  volatilized  without  decomposition.  Its  fumes  readily  take  fire.  It  hat  oo 
smell,  and  a  weak  taste.  While  dry  it  does  not  affect  litmus  paper,  but  reddens  h 
if  moistened.  It  combines  with  bases  and  forms  napkthalates.  The  greater  Dumber 
of  these  when  heated  elongate  to  a  great  extern  under  the  form  of  a  black  glass,  at- 
tended with  the  disengagement  of  a  peculiar  crystallizable  matter. 

This  acid  belongs  to  the  volatile  acids  of  Thomson  (Org.  Bodies,  27)  to 
script  ion  the  reader  is  referred  for  details  and  for  an  account  of  its  com] 

||  For  a  full  account  of  the  process,  see  Ure's  Did.  Arts  and  Afanuf.  645. 
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2207.  The  best  kind  of  coal  for  distillation  is  that  which  contains   Sect,  iv. 
most  bitumen  and  least  sulphur ;  112  pounds  of  good  conl  are  capa- 
ble of  yielding  from  450  to  500  cubic  feet  of  gas  of  such  quality,  that 

half  a  cubic  foot  per  hour  is  equivalent  to  a  mould  candle  of  six  to 
the  pound,  burning  the  same  space  of  time.  H.  The  sp.  gr.  of  the  gas 
varies,  the  meau  as  given  by  Ure  is  0.529  and  that  of  oil  gas 
0.96.* 

2208.  The  apparatus  for  the  conversion  of  oil  into  gas  consists  of  Oil  gas. 
a  furnace  with  a  contorted  iron  tube  containing  fragments  of  bricks  or 
coke,  passing  through  it,  into  which,when  red-hot,  the  oil  is  suffered  to 

drop ;  it  is  decomposed,  and  converted  almost  entirely  into  charcoal, 
which  is  deposited  in  the  tube,  and  into  a  mixture  of  carburetted  hy- 
drogen, and  hydrogen  gases,  of  which  one  volume  may  be  regarded 
as  equivalent  to  two  of  coal-gas,  for  the  production  of  light.t 

The  commonest  whale  oil,  quite  unfit  for  burning  in  the  usual 
way,  affords  abundance  of  excellent  gas,  requiring  no  other  purifica- 
tion than  passing  through  a  refrigerator  to  free  it  from  a  quantity  of 
empyreumatic  vapour.  A  gallon  of  whale-oil  affords  about  100  cubi- 
cal feet  of  gas. 

2209.  Lamp-black  is  prepared  from  the  refuse  of  resin  collected  in  - 
the  distillation  of  oil  of  turpentine.  It  is  a  fine  black  powder,  ex-  black, 
ceedingly  light.  The  soot  which  collects  in  chimneys  where  coal  or 
wood  is  burnt  differs  from  lamp-black.  When  boiled  with  water  a 
matter  is  deposited  of  the  appearance  of  pitch ;  alcohol  and  ether  re- 
move a  portion  of  an  exceedingly  acrid  and  bitter  taste,  which  Bra- 
connot  has  called  asbolin,  from  aaSolrj  soot;  it  is  fluid  and  not 
volatile. 

2210.  Animal  charcoal,  though  derived  from  the  animal  kingdom,  Animal 
is  supposed  to  owe  its  most  important  properties  to  the  charcoal  charcoal, 
which  it  contains.    It  is  known  as  ivory  black  and  is  prepared  from 
 * 

*  The  illuminating  power  of  different  gases  burned  in  the  same  circumstances,  is  niumin»iiD, 
proportional,  generally  speaking,  to  their  sp.  gr.  as  this  is  to  the  quantity  of  carbon  £°wtr<>f 
they  contain.  A  mould  tallow  candle  of  6  in  the  pound,  burning  for  an  hour,  is  equi- 
valent  to  half  a  cubic  foot  of  ordinary  coal  gas,  and  to  four  tenths  of  a  foot  of  good  gas. 
The  flame  of  the  best  Argand  lamp  of  Carcel,  in  which  a  steady  supply  of  oilis  main- 
tained by  pump-work,  consuming  649  grains  in  an  hour,  and  equal  to«.39  such  candles, 
is  equivalent  to  3  76  cubic  feet  of  coal  gas  per  hour.  A  common  Argand  lamp,  equal 
to  4  candles,  consumes  463  grains  per  hour,  and  is  represented  by  1 .6  cubic  feet  of 
Ure. 


t  The  cut  (Fig.  197)  represents  an  apparatus  contrived  by  me, 
and  which  is  very  convenient  for  obtaining  oil  gas,  in  sufficient 


quantity  for  the  exhibition  of  its  properties  j  a  is  a  vessel  of  cast 
iron  about  1 6  inches  in  depth,  and  6  in  diameter  at  its  upper  part ; 
having  a  cast  iron  cover,  with  two  openings,  to  the  smallest  of 
which,  a  copper  pipe  leading  from  a  funnel-shaped  oil  vessel  6,  is 
secured  by  brazing ;  into  the  larger  opening  a  gun-barrel  c  is 
screwed  which  enters  a  small  copper  condensing  vessel  d  fur- 
nished with  a  cock  for  drawing  on  any  oil,  or  condensable  va- 
pours that  may  pass  over.  From  the  upper  part  of  the  condenser 
a  copper  or  lead  pipe  issues,  which  conveys  the  gas  to  the  gaso- 
meter. When  oil  gas  is  to  be  obtained,  the  vessel  6  is  filled 
with  oil,  and  the  pieces  of  bricks  are  put  into  the  retort  a,  the 
cover  is  then  secured  by  a  rod  of  iron  passing  through  the  ears 
r<\  and  the  joint  ia  made  tight  by  a  mixture  of  altout  2  parts  of 
sal  ammoniac,  1  of  sulphur  and  30  of  cast  iron  filings  or  borings, 
made  into  a  paste  with  water.*  This  retort  may  be  placed  in  any 
turn 


convenient  furnace,  and  when  heated  to  redness  the  cock  /  is  turned  so  as  to  allow 
the  oil  to  pass  drop  by  drop.  W. 

*  ThU  cement  should  be  allowed  to  become  hard  before  the  I 
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Chap.  IX  the  bones  of  animals  which  are  healed  in  close  vessels,  so  as  to  drive 
off  all  the  volatile  matter.  The  earth  of  bones  remains  mixed  with 
charcoal.    Being  reduced  to  powder  it  is  fit  for  use. 

Uses.  I.  It  is  a  much  more  powerful  discolourizing  principle  than  ve- 

getable charcoal.  It  is  much  employed  in  refining  sugar.  When 
used  to  remove  the  colour  of  liquids,  it  acts  much  belter  if  the  liquid 
be  slightly  acid  or  neutral,  and  at  a  boiling  temperature.  It  appears 
to  act  chemically  upon  the  colouring  matter.* 


Section  V.    Of  the  Parts  of  Plants. 

^  -  2212.  It  is  the  general  opinion  that  plants  receive  a  considerable 
part  of  their  nourishment  by  the  root ;  that  it  enters  them  in  a  liquid 
state,  and  passes  up  in  proper  vessels  towards  the  leaves.  This 
liquid  is  distinguished  by  the  name  of  sap.  In  nearly  all  vegetables 
it  is  as  liquid  as  water.  It  always  contains  an  acid,  sometimes  free, 
but  more  commonly  combined  with  lime  and  potassa.  Various  ve- 
getable principles  are  also  present;  of  these  sugar  is  the  most 
remarkable,  and  mucilage.  Sometimes  albumen  and  gluten,  and 
tannin  can  be  detected.  When  left  to  itself,  sap  soon  effervesces  and 
becomes  sour ;  or  even  vinous,  when  the  proportion  of  sugar  is  con- 
siderable. 

2213.  In  its  passage  to  the  leaves  the  sap  is  altered  by  a  process 
» similar  to  that  of  digestion  in  animals,  and  formed  into  all  the  liquid 

substances  required  for  the  purposes  of  the  plant.  These  liquids 
flow  from  the  leaves  towards  the  root  in  appropriate  vessel?,  and 
have  received  the  name  of  the  peculiar  juices  of  vegetables.  They 
fuicelf"  differ  in  different  plants.  They  always  contain  much  more  vegeta- 
ble matter  than  the  sap.  Sometimes  they  exude  spontaneously  and 
may  always  be  procured  by  incisions  through  the  bark. 

2214.  The  milky  juices  concrete  into  a  solid  matter  which  has 
been  called  gum  resin.  Several  of  the  gum  resins  are  employed  in 
medicine  ;  the  most  important  of  which  is  the  juice  of  the  poppy  af- 
fording opium. 

Air  in  2215.  In  many  plants  the  stem  is  hollow  and  filled  with  air ;  In 

plant*.  some,  as  the  onion,  it  is  contained  in  the  leaves  ;  it  is  lodged  in  the 
pod  of  the  pea,  and  in  the  leaves  of  some  species  of  fuci.  In  some 
plants  the  proportion  of  oxygen  in  this  air  is  greater  than  in  common 
air.t  and  others  contain  more  nitrogen  ;  but  generally  so  far  as  expe- 
riments have  been  made  it  is  common  air  unaltered. 

2216.  The  bark  is  composed  of  three  distinct  portions  ;  the  outer- 
most or  epidermis,  the  parenchyma,  and  that  next  the  wood  the  cor- 
tical layers.  The  latter  consist  of  several  thin  membranes,  composed 
of  fibres  forming  a  kind  of  net-work. 

*  See  Bussy's  experiments,  T.  Org.  Bodiea,  756,  and  Jour,  de  Pharm.  viii.  257. 
There  are  several  substances  obtained  from  plants  by  processes  similar  to  those 
^««^' employed  for  obtaining  the  vegetable  alkalies,  which  have  been  arranged  together  br 
Thomson.   They  are  caffein  from  coffee,  pipcrin  from  pepper,  daphnin  from  daphne 
alpina  and  mezerium,  jaJappin  from  jalap,  rinapin  from  mustaid,  hespcridin  from  the 
unripe  orange  and  lemon,  poputin  and  plumbagin.   For  details  see  T.  **rg.  Bod.  717. 

t  Priestley,  iii.  979. 
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2217.  The  substance  known  as  cork  is  the  epidermis  of  the  quercus    Bscu  v. 
%  which  contains  a  peculiar  principle  called  suberin.    Three  Cork. 

different  kinds  of  cinchona  bark  were  early  distinguished,  the  pale, 
red  and  yellow.  The  first  is  the  bark  of  the  cinchona  lancifolia,  the 
second  of  the  c.  oblongifotia,  and  the  last  of  the  c.  cordifolia.* 

2218.  The  roots  of  a  great  variety  of  plants  are  employed  in  me- 
dicine and  the  arts.  The  substances  found  in  them  are  various ; 
and  indeed,  as  the  peculiar  juices  of  the  roots  are  always  included  in 
such  examinations,  it  is  clear  that  almost  all  the  vegetable  principles 
will  be  found  in  them,  t 

2219.  Bulbs  are  composed  of  concentric  coats  like  the  onion,  or 
are  imbricated.  Several  of  them  are  used  as  nutritive  articles  of 
food,  and  some  constitute  active  medicines. 

Squill,  the  bulbous  root  of  the  scilla  maritima,  owes  its  peculiar  Squill, 
properties  to  a  species  of  bitter  principle  which  has  been  called 
scilitin. 

Potatoes  are  the  bulbs  of  the  solanum  tuberosum,  an  American  Potatoes, 
plant,  said  to  grow  wild  in  Peru  and  Chili.    According  to  Einhof 
potatoes  afford 

Starch         .....  J5t 
Fibrous  matter        ....  7 
Albumen     .....  1.4 
Mucilage      .....  4 

 27.4 

They  afforded  also  a  mixture  of  tartaric  and  phosphoric  acids. 

When  potatoes  are  exposed  to  the  action  of  frost,  they  acquire  a  Action  of 
sweet  taste,  followed  by  an  acid  taste,  owing  to  the  rapid  evolution  of  fwetupon. 
acetic  acid,  and  the  root  soon  putrefies.    The  sugar  is  formed  at  the 
expense  of  the  mucilage.    Potatoes  differ  from  wheat  and  barley  by 
containing  no  gluten. 

2220.  Woods.    The  mere  woody  fibres  of  all  plants  are  probably  Woeda. 
nearly  the  same,  and  the  differences  are  owing  to  the  various  propor- 
tions of  liquids  and  empty  spaces  with  which  the  woody  fibres  are 
intermixed. t    The  vegetable  fibres  in  herbaceous  plants  correspond 

to  the  wood  of  trees.     In  some  it  is  flexible  and  tough,  as  in 
hemp,  nettles,  &c.$ 

2221.  Cotton  is  a  soft  down  which  envelopes  the  seeds  of  various 
species  of  gossypium.  It  has  a  strong  affinity  for  some  of  the  earths, 
especially  alumina ;  hence  this  substance  is  used  to  fix  colours  on 
cotton  ;  the  cloth  is  steeped  in  a  solution  of  alum  or  acetate  of  alu- 
mina, and  afterwards  dyed.  Several  of  the  metallic  oxides  also 
combine  with  it  readily,  of  which  oxide  of  iron  is  one  of  the  most  re- 
markable. Oxide  of  tin  also  combines  with  it  and  is  used  as  a  mor- 
dant. 

2222.  Cotton  combines  readily  with  tannin  and  forms  a  yellow  or 
brown  compound.  Hence  infusion  of  galls,  and  of  other  astringent 
substances  is  often  used  as  a  mordant  for  cotton. 

*  The  bark  from  which  quioia  is  extracted  in  Prance,  is  called  quinquina  calisaya  ; 
but  the  species  of  cinchona  to  which  it  belongs  does  not  seem  yet  accurately  known.  T. 

t  For  table  of  the  quantity  of  starch  from  different  kinds  of  potatoes,  see  T.  Org. 
Bodies,  841. 

:  For  a  table  of  the  results  of  the  analysis  of  various  woods  see  T.  Org.  Bodies,  %49. 
I  Perhaps  the  fibres  ought  to  be  considered  rather  as  the  lib*  or  inner  hark. 
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<^p-  g      2223.  The  quantity  of  oxygen  required  for  burning  100  parts  of 

Quantity    various  kinds  of  wood  has  been  made  the  subject  of  experiments 

nmSSHut vvnicn  are  important,  as  this  oxygen  is  proportionable  to  the  quan- 
combustion  tity  of  heat  evolved  by  each. 

of  wood*.         100  parts  of  Tilia  Europea,  Zmm  require  .  .  140.523 

Ulmus  subcrosa,  elm    "  .  .  139.408 

Pintu  abics,/r           M  .  .  138.377 

•«     larix,  larch        "  138  082 

Acer  campestris,  maple "  .  136  960 

Pinua  picea?  pitch-pine  "  .  .  136.686 

Jug  I  a  us  regia,  walnut    11  135.690 

Quercua  robur,  oak       "  .  ..       133  472 

Betula  alba,  birch        ■  .  133.229* 

2224.  Leaves.  Senna.  According  to  Lagrange  the  leaves  of  the 
Cassia  senna  are  characterized  by  containing  a  peculiar  extractive 
principle,  cathartina,  which,  by  long  boiling,  passes  into  a  resinous 
substance,  in  consequence  of  absorbing  oxygen  ;  they  also  contain 
a  resin  which  resists  the  action  of  water,  and  is  soluble  in  alcohol; 
the  whole  of  the  soluble  matter  amounts  to  about  one  third  the  weight 
of  the  senna.t 

Night-         2225.  Nightshade.    The  leaves  of  the  Atropa  Belladonna  con- 
tain, according  to  Vauquelin, 

1.  Vegetable  albumen,  or  gluten. 

2.  A  bitter  narcotic  principle. 

3.  Nitrate,  muriate,  sulphate,  binoxalate,  and  acetate 


Brandes  announced  the  existence  of  a  new  vegetable  alkali  in  this 
plant,  which  he  calls  atropia.  It  foTtns  brilliant  acicular  crystals, 
tasteless,  and  difficultly  soluble  tn  water  and  alcohol. 
Hemlock.  ;  2226.  Hemlock,  conium  maculatum.  This  plant  was  formerly 
called  cicuta;  it  contains  a  peculiar  principle  conicina,  and  its  juice 
in  chemical  composition  has  a  striking  similarity  to  that  of  the  cab- 
bage. 

2227.  Flowers.  The  colouring  matter  of  most  flowers  is  extremely 
fugitive,  and  is  generally  much  changed  by  mere  exsiccation.  They 
usually  communicate  their  colour  to  water ;  the  infusion  of  blue 
flowers  is  generally  reddened  by  acids,  and  changed  to  green  or  yel- 
low by  alkalies  ;  that  of  yellow  flowers  is  made  paler  by  acids,  and 
alkalies  render  it  brown  ;  the  red  infusion  of  many  flowers  is  exalted 
in  tint  by  acids,  and  changed  to  purple,  and  in  some  instances,  to 
green,  by  alkalies. 

It  is  probable  that  one  and  the  same  principle  gives  colour  to  seve- 
ral of  the  blue  and  red  flowers,  but  that  the  presence  of  acid  in  the 
latter  produces  the  red  ;  the  petals  of  the  red  rose,  triturated  with  a 
little  carbonate  of  lime  and  water,  give  a  blue  liquor  ;  alkalies  render 
it  green,  and  acids  restore  the  red. 
J^JU^  2229.  A  colouring  matter  analogous  to  that  of  the  violet,  exists  in 
the  petals  of  red  clover,  in  the  red  tips  of  those  of  the  common  daisy, 
of  the  blue  hyacinth,  the  holly-hock,  lavender,  in  the  inner  leaves  of 
the  artichoke,  and  in  numerous  other  flowers  ;  reddened  by  an  acid, 
it  colours  the  skin  of  several  plums,  and  the  petals  of  the  scarlet  ge- 

*  Ann.  de  Pharm.  xni.  144. 

t  In  the  Lond.  Med.  Repot.  »ol.  xv.  16»,  the  effects  of  the 
ars  detailed  by  Batley. 
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ranium  and  pomegranate.  Some  flowers  which  are  red,  become 
blue  by  merely  bruising  them ;  this  is  also  the  case  with  the  colour- 
ing matter  of  red  cabbage  leaves,  and  of  the  rind  of  the  long  radish. 
Smithson  has  suggested  that  the  reddening  acid  is  in  these  cases  the 
carbonic,  which  escapes  on  the  rupture  of  the  vessels  which  inclose 
it. 

2229.  The  petals  of  the  common  com~poppy,  rubbed  upon  paper, 
give  a  purple  stain,  little  altered  by  ammonia,  or  carbonate  of  soda, 
but  made  green  by  caustic  potassa.  The  infusion  of  poppy-petals  in 
very  dilute  hydrochloric  acid,  is  florid  red  ;  chalk  added,  renders  it  of 
the  colour  of  port  wine ;  carbonate  of  soda  in  excess  gives  the  same 
colour,  but  excess  of  potassa  changes  it  to  green  and  yellow.  The 
expressed  juice  of  the  black  mulberry  possesses  nearly  the  same  pro- 
perties.* 

2230.  Seeds.  Starch  is  an  essential  component  of  the  greater 
number  of  seeds,  and  it  is  generally  united  in  them  with  a  variable 
portion  of  gluten,  and  often  of  fixed  and  of  volatile  oil. 

Davy  examined  a  number  of  seeds  with  a  view  to  determine  their 
relative  nutritive  powers :  for  the  results  of  his  experiments  see  Ag- 
ricultural Chemistry,  4to.  131. 

2231.  Almonds,  the  seeds  of  the  amygdalus  communis,  consist  of  Almond*, 
an  albuminous  substance  and  oil ;  the  latter  may  be  obtained  by  ex- 
pression, five  pounds  yielding  about  one  pound  of  cold  drawn  oil,  and 
about  a  pound  and  a  half  when  aided  by  heat.    The  bitter  almond 
affords  by  pressure  an  oil  analogous  to  that  from  the  former;  but  if 

the  expressed  cake  be  distilled  with  water,  a  portion  of  volatile  oil 
eminently  poisonous,  and  smelling  strongly  of  the  almond,  is  ob- 
tained ;  this  oil  is  used  as  a  flavouring  material  by  confectioners,  and 
by  the  manufacturers  of  noyeau.t 

2232.  Colocyntk.  The  pulp  of  the  fruit  of  the  cucumis  colocynthis  Coloeyath. 
or  bitter  cucumber  is  much  used  in  medicine  under  the  name  colo- 
quintida.    It  contains  a  peculiar  bitter  principle  colocynthin. 

2233.  Elaterium  is  deposited  from  an  infusion  of  the  fruit  of  the  Elaterium. 
momordiea  elaterium  or  wild  cucumber.    The  active  principle  has 

been  obtained  by  Paris  and  Faraday  and  named  elatin.X 

2234.  Coffee,  the  seed  of  the  Coffea  Arabica  has  been  examined  Coffee, 
both  in  its  raw  and  roasted  state. 

Hermann  has  given  the  following  comparative  analysis  of  coffee 
from  the  Levant  and  from  Martinique,^  the  results  of  which  differ 
much  from  those  of  Cadet: 

Levant.  Martinique. 
Resin  .  .  .  74  ...  6b 
Extractive  -  -  320  -  -  -310 
Gum  ...  130  -..  144 
Fibrous  matter  -  -  1335  -  -  -  1366 
....       61      -      -      -  12 


1920  1920 
When  coffee  is  roasted  it  undergoes  a  peculiar  change  of  compo- 

♦Smilhson,  Phil.  Tram.  1818, 110. 

t  In  the  Phil.  Traru.  for  1811,  Brodie  hat  detailed  a  variety  of  experiments  illus- 
trative of  its  action  as  a  poison. 

*  Paris'  Pharmacol.  4th  wiii .  Irs.  i  CMl's  AnnaU*,  h. 
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c»p  sition  attended  by  the  formation  of  tannin,  and  a  volatile,  fragrant,  and 
aromatic  principle  ;  but  in  this  state  it  has  not  been  examined  with 
any  precision.  It  is  developed  also  by  roasting  barley,  beans  and 
various  vegetables,  which  are  on  that  account  occasionally  employed 
as  substitutes  for  coffee.  Robiquet  discovered  in  coffee  the  principle 
called  caffein. 

2235.  Mustard.  The  seed  of  the  sinapis  nigra  derives  its  acri- 
mony from  volatile  oil ;  it  also  contains  a  tasteless  fixed  oil,  albumen, 
gum,  and  traces  of  sulphur  and  earthy  salts. 

2236.  Lupulin  was  discovered  by  Ives*  and  Payen  and  Cheva- 
lier, about  the  same  time,  in  the  leaves  of  the  Humulus  lupulus  or 
common  hop.  It  is  extremely  bitter,  of  a  yellow  colour,  and  has  an 
aromatic  odour.  It  is  the  principle  on  winch  the  characteristic  pro- 
perties of  the  hop  depend. 

CiiUia.  2237.  Citisin  was  discovered  by  Payen  and  Chevalier  in  the 
seeds  of  the  Cytisus  Laburnum.  Its  colour  is  yellow,  and  it  has  a 
disagreeable  taste  ;  it  is  soluble  in  water,  alcohol  and  ether.  It  is 
easily  decomposed  by  heat,  and  the  strong  acids  produce  the  same 
effect. 

uia'acS1*"     2238.  Fruits.  The  acid  matter  contained  in  fruits  is  either  the 
aa<a  '   tartaric,  oxalic,  citric,  or  malic;  or  a  mixture  of  two  or  more  of 
them  ;  but  the  nature  and  proportion  of  the  acid  varies  at  different 
periods  of  their  growth ;  gluten  and  starch  are  found  in  some  fruits, 
and  a  gelatinizing  substance,  which  has  sometimes  been  regarded  as 
identical  with  animal  jelly,  but  which  is  probably  a  compound  of 
gum  and  one  or  more  vegetable  acids. 
And  «ogar.    2239.  Most  of  our  common  fruits  also  contain  sugar,  and  it  exists 
in  all  those  the  juice  of  which  is  susceptible  of  vinous  fermentation. 
In  some  fruits  the  quantity  of  sugar  is  increased  by  mashing  and 
exposure  to  air;  this  is  remarkably  the  case  with  some  of  the  rough- 
flavoured  apples  used  for  cider,  the  pulp  of  which  becomes  brown, 
and  at  the  same  time  sweet  by  a  few  hours'  exposure. 

2240.  The  colouring  matter  of  fruits  seems  in  most  cases  to  bear 
a  strong  resemblance  to  that  of  flowers.  The  red  juice  of  the 
mulberry  was  found  to  exhibit  the  same  characters  as  the  colouring 
principle  of  the  wild  poppy  ;  carbonated  alkalies  render  it  blue,  but 
caustic  potassa  changes  it  to  green  and  yellow :  the  juice  of  red 
currants,  cherries,  elder-berries,  and  privet-berries,  and  the  skin 
of  the  buckthorn  berry,  appear  to  contain  a  similar  colouring  prin- 
ciple. 

Sap  gntn.  2241.  The  unripe  berries  of  the  buckthorn  furnish  a  juice,  which, 
when  inspissated,  is  known  under  the  name  of  sap  green.  It  is 
soluble  in  water,  and  rendered  yellow  by  carbonate  of  soda  and 
caustic  potassa  ;  the  acids  redden  it,  and  carbonate  of  lime  restores 
it  to  green,  which  is  therefore  probably  the  proper  colour  of  the 
substance.t 

Jour.  ii.  t  Smithson,  Phil.  Tram.  1813,  p.  1  It 
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Section  VI.    Phenomena  and  Products  of  Fermentation. 

2242.  The  term  fermentation  is  employed  to  signify  the  sponta- 
neous changes,  which  certain  vegetable  solutions  undergo,  placed 
under  certain  circumstances,  and  which  terminate  either  in  the  pro- 
duction of  an  intoxicating  liquor,  or  of  vinegar;  the  former  termi- 
nation constituting  vinous,  the  latter  acetous  fermentation. 

The  principal  substance  concerned  in  vinous  fermentation  is  su- 
gar ;  and  no  vegetable  juice  can  be  made  to  undergo  the  process, 
which  does  not  contain  it  in  a  very  sensible  quantity.  In  the  pro- 
duction of  beer,  the  sugar  is  derived  from  the  malt ;  in  that  of  wine, 
from  the  juice  of  the  grape. 

2243.  Malt  is  barley  which  has  been  made  to  germinate  to  a  cer- 
tain extent,  after  which  the  process  is  stopped  by  heat.  The  barley 
is  steeped  in  cold  water,  and  is  then  made  into  a  heap  or  couch,  upon 
the  malifloor  ;  here  it  absorbs  oxygen  and  evolves  carbonic  acid  ;  its 
temperature  augments,  and  then  it  is  occasionally  turned  to  prevent  its 
becoming  too  warm.    In  this  process  the  radicle  lengthens,  and  the 

Elume  called  by  the  maltsters  the  acrospire,  elongates  ;  and  when  it 
as  nearly  reached  the  opposite  extremity  of  the  seed,  its  further 
growth  is  arrested  by  drying  at  a  temperature  slowly  elevated  to 
150°  or  more.    The  malt  is  then  cleansed  of  the  rootlets. 

22-44.  In  the  manufacture  of  beer,  the  mall  i§  ground  and  infused  in  the  mash' 
tun,  in  rather  more  than  its  bulk  of  water,  of  the  temperature  of  160°  or  1(20°. 
Here  the  mixture  is  stirred  for  a  few  hours  ;  the  liquor  is  then  run  off,  and  more 
water  added,  until  the  malt  is  exhausted.  These  infusions  are  called  wort,  and 
its  principal  contents  are  saccharine  matter,  starch,  mucilage,  and  a  small  quanti-  Wort, 
ty  of  gluten  The  strength  of  the  wort  is  adjusted  by  its  specific  gravity,  which 
is  usually  found  by  an  instrument,  not  quite  correctly  called  a  soccharometer, 
since  it  is  infiuenced  by  all  the  contents  or  the  wort,  and  not  by  the  sugar  only  * 

The  wort  is  next  boiled  with  hops,  amounting  upon  the  average,  to  2*0  the 
weight  of  the  malt,  their  use  being  to  cover  the  sweetness  of  the  liquor  by  their 
aromatic  bitter,  and  to  diminish  its  tendency  to  acidify.  The  liquor  is  then 
thrown  into  large,  but  very  shallow,  vessels,  or  coolers,  where  it  is  cooled  to 
about  50°,  as  quickly  as  possible  ;  it  is  then  Buffered  to  run  into  the  fermenting 
vat,  having  been  mixed  with  a  proper  quantity  of  yeast.    (See  Addenda  ) 

2245.  In  the  fermenting  vessel,  the  different  sub- 
stances held  in  solution  in  the  liquor  begin  to  act  upon 
each  other;  an  intestine  motion  ensues,  the  temperature 
of  the  liquor  increases,  carbonic  acid  escapes  in  large  quan- 
tities ;  at  length  this  evolution  of  gas  ceases,  the  liquor 
becomes  quiet  and  clear,  and  it  has  now  lost  much  of  its 
sweetness,  ha6  diminished  in  specific  gravity,  acquired 
a  new  flavour,  and  become  intoxicating. t 


Fig.  198. 
0 

HO 


*  It  is  a  brass  instrument,  of  the  shape  shown  in  fig.  199,  so  adjust- 
ed ;n  weight  as  to  sink  to  the  point  marked  0°,  in  distilled  water,  at  the 
lei.  perature  of  70°,  and  wheu  immersed  in  a  liquor  of  ihe  same  tem- 
j>erature,  and  of  the  specific  gravity  of  1.100.  it  is  buoyed  up  to  the 
mark  100,  just  above  the  bulb.  The  intermediate  space  is  divided  into 
100  equal  parts,  and  consequently  will  indicate  intermediate  degrees  of 
sp.  gr.  This  is  the  most  uselul  form  of  the  instrument,  though  not 
that  in  common  use.  The  specifle  gravily  of  the  wort  for  ale  is 
usually  about  I  090  to  1.1 00  and  for  table  beer  from  1.020  to  1030. 

t  The  distillers  prepare  a  liquor,  called  wash,  for  the  expresi  purpose 
of  producing  from  it  ardent  spirits ;  instead  of  brewing  this  from  pure 
malt,  they  chiefly  employ  raw  grain,  mixed  with  a  small  qaanUty  only 
of  malted  grain ;  the  water  employed  in  the  mash-tun  is  of  a  lower 
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ch*p  2246.  Wine  is  principally  procured  from  the  juice  of  the  grope, 
and  some  other  saccharine  and  mucilaginous  juices  of  fruits.  This 
sweet  juice  is  termed  must.  The  principal  substances  held  in  solu- 
tion  in  grape  juice  are  sugar,  gum,  g  hit  en,  and  tartrate  of  potassa. 
It  easily  ferments  spontaneously  at  temperatures  between  60°  and 
80°,  and  the  phenomena  it  gives  rise  to  closely  resemble  those  of 
the  wort  with  yeast.  After  the  operation,  its  sp.  gr.  is  much 
diminished,  its  flavour  changed,  and  it  has  acquired  intoxicating 
powers. 

2247.  As  the  fermentation  of  must  takes  place  without  adding  any 
ferment,  it  is  obvious  that  the  requisite  substance  is  present  iti  the  juice. 
This  was  separated  by  Fabroni  and  found  to  be  analogous  to  the  gluten 
of  plants ;  and  gluten  being  substituted  for  it,  the  fermentation  sue* 
ceeded.  He  has  shown  that  the  saccharine  part  of  must  resides  in 
the  cells  of  grapes,  while  the  glutinous  matter,  or  ferment,  is  lodged 
on  the  membranes  that  separate  the  cells.  It  is  only  after  the  juice 
is  squeezed  out  that  these  two  substances  are  mixed.  All  other 
juices  that  undergo  spontaneous  fermentation  have  been  shown  by 
Thenard  and  Seguin  to  contain  a  similar  substance. 

2248.  Gay  Lussac  has  shown  that  the  juice  of  fruits  will  not  fer- 
ment, if  completely  excluded  from  the  air.  But  if  a  little  oxygen 
gas  be  let  up  to  it,  this  gas  is  absorbed  and  fermentation  goes  on,  the 
carbonic  acid  evolved  being  100  times  as  great  as  that  of  the  oxygen 
absorbed.* 

2249.  It  seems  probable  that  the  tartaric  acid  is  partly  decomposed 
and  a  portion  of  malic  acid  formed  during  the  process,  which  is 
analogous  to  combustion,  being  attended  by  the  evolution  of  caloric 
and  the  formation  of  carbonic  acid. 


Air  neccs- 


Exp. 


aioO.  If  a  mixture  of  I  part  sugar, 
4  or  5  of  water,  and  a  little  yeast,  be 
placed  in  a  due  temperature,  it  also 
toon  begins  to  ferment,  and  gives  rise 
to  the  same  products  as  wort  or  grape- 
juice  ;  and  the  results  may  easily  be 
examined  by  suffering  the  process  to 
go  on  in  the  apparatus  fig.  199,  con- 
sisting of  a  matrice  containing  the 
fermenting  mixture,  with  a  bent  tube 
issuing  from  it,  and  passing  into  an 
inverted  jar  standing  in  water. 

Products  of    2251.  When  any  of  the  above-mentioned  fermented  liquors  are 
distillation,  distilled,  they  afford  a  spirituous  liquor ;  that  from  wine  is  termed 
brandy;  from  the  fermented  juice  of  the  sugar-cane  we  obtain 
rum;  and  from  wash,  malt  spirit  ;  and  these  spirituous  liquors,  by 
re-distillation,  furnish  spirit  of  wine,  ardent  spirit,  or  alcoholA 

2252.  The  peculiar  odour  of  wine  is  owing  to  the  presence  of  a 
small  quantity  of  a  substance  analogous  in  properties  to  a  volaule 


temperature  than  that  requisite  in  brewing,  and  the  mashing  longer  continued;  br 
which  it  would  appear  that  a  part  of  the  starch  of  the  barley  is  rendered  into  a  Lad 
of  saccharine  matter.    The  wort  is  afterwards  fermented  with  yeast. 

*  Ann.  de  Chim.  xvi.  243. 

t  For  the  proportions  of  alcohol  furnished  by  different  fermented  liquors  see  p.  441. 
The  experiments  of  Brande  (Phil,  Traru.  1811—13)  show  that  it  is  a  real  educt.  See 
also  Henderson's  TabU  in  Brcwstar's  Jour.  i.  166. 
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oil.  It  amounts,  at  an  average,  to  about  ^.Voxjth  part  of  the  wine.  Sect,  ft 
It  may  be  obtained  by  distilling  the  lees  of  wine,  ft  has  been  called  jEnanthic 
ananthic  ether.*  ether. 

2253.  Acetous  fermentation.  When  any  of  the  vinous  liquors  are  ^^l°u^ 
exposed  to  the  free  access  of  atmospheric  air  at  a  temperature  of  J™""** 
80b  or  85°  they  undergo  a  second  fermentation,  terminating  in  the 
production  of  a  sour  liquid,  called  vinegar.    Vinegar  is  usually  ob-  vinegar, 
tained  from  malt  liquor  or  cider,  while  wine  is  employed  as  its 
source  in  those  countries  where  the  grape  is  abundantly  cultivated. 

2264.  The  colour  of  vinegar  varies  according  to  the  materials  Properties, 
from  which  it  has  been  obtained;  that  manufactured  in  England  is 
generally  artificially  coloured  with  burnt  sugar  :  its  taste  and  smell 
are  agreeably  acid.  Its  specific  gravity  is  liable  to  much  variation  ; 
it  seldom  exceeds  1.0250.  When  exposed  to  the  air  it  becomes  mouldy 
and  putrid,  chiefly  in  consequence  of  the  mucilage  which  it  con- 
tains,  and  from  which  it  may  be  in  some  measure  purified  by  careful 
distillation. 

2255.  Neither  pure  alcohol,  nor  alcohol  diluted  with  water,  is  sus-  Alcohol 
ceptible  of  this  change.    The  weaker  the  wine  or  the  beer  the  more  Und*er^o\he 
readily  it  is  converted  into  vinegar,  yet  strong  wines  yield  a  better  change, 
vinegar,  so  that  alcohol  contributes  to  the  formation  of  the  acetic  acid. 

Wine  entirely  deprived  of  glutinous  matter  does  not  undergo  the 
acetous  fermentation,  until  some  mucilaginous  matter  is  restored 
to  it. 

2256.  Wine  which  is  completely  deprived  of  all  access  to  atmos-  JJjJW  * 
pheric  air  never  becomes  sour.    In  order  to  understand  what  takes  formation 
place  during  the  conversion  of  alcohol  into  acetic  acid,  we  have  only  of  acetic 
to  attend  to  the  constitution  of  these  two  bodies.    Alcohol  is  C4H6Oaci  ' 
-f-HO  while  acetic  acid  is  C4H303-|-HO.    In  the  first  place  2  atoms 

of  oxygen  are  absorbed  from  the  atmosphere  for  every  integrant 
part  of  alcohol  present.  These  combine  with  two  atoms  of  hydro- 
gen and  form  water,  leaving  the  alcohol  in  the  state  of  C4H,0+HO, 
this  is  aldehyde.  The  aldehyde  has  a  strong  affinity  for  oxygen  and 
absorbs  2  atoms  of  it  from  the  atmosphere,  and  is  converted  into 
C^HaOa-f-HO  or  acetic  acid.  Thus  during  the  conversion  of  alcohol 
into  acetic  acid,  every  atom  of  alcohol  absorbs  4  atoms  of  oxygen 
from  the  atmosphere  Here  unless  the  air  be  renewed  the  process 
ceases  to  go  on.  Even  when  the  process  is  properly  conducted 
about  ^th  of  the  whole  acetic  acid  formed  is  lost.  But  when  the 
air  is  not  supplied  to  enable  the  aldehyde  to  absorb  oxygen  as 
fast  as  it  is  formed,  a  great  deal  is  volatilized,  and  the  consequent  loss 
of  acetic  acid  may  be  very  great.t 

2257.  When  the  acetous  fermentation  is  over  the  whole  of  the  mtijc 
malic  acid  of  the  wine  has  disappeared  as  well  as  the  alcohol.    We  and  alcohol 
must  conclude  that  they  have  been  both  converted  into  acetic  acid. J 
Part  of  the  glutinous  matter  undergoes  the  same  change,  part  is  de- 
posited in  the  state  of  flakes,  and  part  remains  in  solution,  disposing 
the  vinegar  to  decomposition. 

*  Ann.  de  Chim.  et  d*  Phy$.  lxiii.  113. 

t  This  shows  the  necessity  on  the  part  of  manufacturers  of  perpetually  renewing  the 
air  of  their  chambers. 
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Organic  Chemistry — Jlnimal  Substances. 
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Panary 
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Chap,  x.  2258.  Sugar  appears  to  be  the  essential  constituent  in  liquors  to 
be  converted  into  vinegar  and  the  quantity  of  vinegar  formed  is  pro- 
portional to  the  sugar.*    T.  low. 

2259.  Panary  fermentation.  The  change  which  dough  undergoes, 
attended  with  the  disengagement  of  carbonic  acid  gas,  has  been 
called  the  panary  fermentation.  The  adhesive  gluten  of  the  flour 
enables  it  to  be  distended  by  the  carbonic  acid  gas,  and  the  mass 
rises.  The  mean  heat  of  a  baker's  oven  is  448°,  this  stops  the 
fermentation,  and  the  detained  gas  is  expanded,  giving  to  the  loaf 
its  vesicular  structure.  Carbonate  of  ammonia  is  sometimes  em- 
ployed to  render  the  bread  porous. 

2260.  Putrefaction.  Vegetable  substances  are  decomposed  spon- 
taneously if  moist,  provided  the  air  has  access  to  them  and  the  tem- 
perature be  not  much  under  45°,  nor  so  high  as  to  drive  off  the 
moisture.  Plants  do  not  putrefy  in  vacuo,  or  at  least  very  slowly. 
If  placed  in  bottles,  well  closed,  and  exposed  to  the  temperature  of 
boiling  water  a  partial  vacuum  is  formed  within  and  they  may  be 
kept  fresh  for  a  considerable  length  of  time.t 

2261.  When  vegetables  contain  nitrogen  the  gases  given  off  du- 
ring putrefaction  are  peculiarly  offensive  ;  this  is  the  case  with  the 
cruciform  plants,  and  when  sulphur  and  phosphorus,  it  is  much 
more  so.  When  these  substances  putrefy  on  the  surface  of  the 
ground,  they  leave  humus  or  vegetable  soil,  which  consists  chiefly  of 
the  extractive  matter  called  by  Berzelius  apotheme. 


Putrefac- 


O  {Tensive 
products. 


CHAPTER  X. 

ANIMAL  SUBSTANCES. 

Section  I.    Ultimate  Principles  of  Animal  Matter,  and  Products 

of  its  Destructive  Distillation. 

2262.  The  proximate  principles  of  the  animal  creation  consist,  like 
ESSES  tnose  of  vegetables,  of  a  few  elementary  substances,  which  by  com- 
bination in  various  proportions,  give  rise  to  their  numerous  varieties. 
Carbon,  hydrogen,  oxygen,  and  nitrogen,  are  the  principal  ultimate 
elements  of  animal  matter ;  and  phosphorus  and  sulphur  are  also 
often  contained  in  it.    The  presence  of  nitrogen  constitutes  the  most 

Nitrogen,  striking  peculiarity  of  animal,  compared  with  vegetable  bodies  ;  but 
as  some  vegetables  contain  nitrogen,  so  there  are  also  certain  animal 
principles,  into  the  composition  of  which  it  does  not  enter. 

2263.  The  presence  of  nitrogen  stamps  a  peculiarity  upon  the 
products  obtained  by  the  destructive  distillation  of  animal  matter,  and 
which  are  characterized  by  the  presence  of  ammonia,  formed  by  the 
union  of  the  hydrogen  with  the  nitrogen.    It  is  sometimes  so  abun- 

*  Seven  water,  one  sugar,  and  some  yeast  ferment  in  a  proper  temperature  and  form 
an  excellent  vinegar.  Ann.  de  Chhn.  lxii.  248.  For  a  full  account  of  the  processes  see 
Ure's  Did.  A.  and  M.  I 

t  On  this  is  founded  the  method  of  preferring  vegetables,  fruits,**.  See  Ure's 
Did.  A.  and  M.  1845. 
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dantly  generated  as  to  be  the  leading  product ;  thus,  when  horn,  Scct.L 
hoofs,  or  bones,  are  distilled  per  $e,  a  quantity  of  solid  carbonate  of  " 
ammonia,  and  of  the  same  substance  combined  with  einpyreumatic 
oil,  and  dissolved  in  water,  are  obtained ;  hence  the  pharmaceutical 
preparations  culled  spirit  and  salt  of  hartshorn,  and  Dippel's  animal 
oil.  Occasionally  the  acetic,  benzoic,  and  some  other  acids  are 
formed  by  the  operation  of  heat  on  animal  bodies,  and  these  are 
found  united  to  the  ammonia;  cyanogen  and  hydrocyanic  acid  also 
frequently  occur. 

2264.  If  the  gas  evolved  during  the  decomposition  of  animal  bo-  ^*r^Ujet" 
dies  be  examined,  it  is  generally  inflammable,  and  consists  of carbu-  ^n  y  ro" 
retted  hydrogen,  often  with  a  little  sulphuretted  and  phosphuretted 
hydrogen  ;  carbonic  oxide, carbonic  acid,  and  nitrogen  are  also  some- 
times detected  in  it.  x 

The  coal  remaining  in  the  retort  is  commonly  very  difficult  of  in- 
cineration, a  circumstance  depending  upon  the  common  salt  and 
phosphate  of  lime,  which  it  usually  contains,  forming  a  glaze  upon 
its  surface  which  defends  the  carbon  from  the  action  of  the  air. 
Animal  charcoal  is  also  found  to  be  more  effectual  in  destroying  co- 
lour and  smell,  than  that  obtained  from  vegetables. 

2265.  By  the  term  putrefaction  we  mean  the  changes  which  dead  J^***0" 
animal  matter  undergoes,  and  by  which  it  is  slowly  resolved  into  new 
products.    These  changes  require  a  due  temperature,  and  the  pre- 
sence of  moisture ;  for  below  the  freezing  point  of  water,  or  when 
perfectly  dry,  it  undergoes  no  alteration. 

During  putrefaction  the  parts  become  soft  and  flabby,  they  change 
in  colour,  exhale  a  nauseous  and  disgusting  odour,  diminish  consi- 
derably in  weight,  and  afford  several  new  products,  some  of  which 
escape  in  a  gaseous  form,  others  run  off  in  a  liquid  state,  and  others 
are  contained  in  the  fatty,  or  earthy  residuum. 

The  presence  of  air,  though  not  necessary  to  putrefaction,  materi- 
ally accelerates  it,  and  those  gases  which  contain  no  oxygen,  are  Antissp- 
very  efficient  in  checking  or  altogether  preventing  the  process.  Car-  Ucs' 
bonic  acid  also  remarkably  retards  putrefaction  ;  and  if  boiled  meat 
be  carefully  confined  in  vessels  containing  that  gas,  it  remains  for  a 
very  long  time  unchanged,  as  seen  in  Appert's  method  of  preserving 
meat.* 


*  This  method  is  now  successfully  practised  in  England,  upon  the  great  commercial  Melhod  of  prt. 
rale,  for  keeping  beef,  salmon,  soups,  &c.  perfectly  fresh  and  sweet  for  exportation,  awing i 
The  process  is  as  follows  ;  Let  the  substance  to  be  preserved  be  first  parboiled,  or  ra-  *«• 
ther,  somewhat  more,  the  bones  of  the  meat  being  previously  removed.  Put  the  meat 
into  a  tin  cylinder,  fill  up  the  vessel  with  trasoned  rich  soup,  and  then  solder  on  the 
lid,  pierced  with  a  small  hole.  When  this  has  been  done,  let  the  tin  vessel  thus  pre- 
pared be  placed  in  brine  and  heated  to  the  boiling  point,  to  complete  the  cooking  of  the 
meat.  The  hole  of  the  lid  is  now  to  be  closed  by  soldering,  whilst  the  air  is  rarefied. 
The  vessel  is  then  allowed  to  cool,  and  from  the  diminution  of  volume,  in  consequence 
of  the  reduction  of  temperature,  both  ends  of  the  cylinder  are  pressed  inwards  and  be- 
come concave.  The  tin  cases,  thus  hermetically  sealed,  are  exposed  in  a  test-chamber, 
for  at  least  a  month,  to  a  temperature  above  what  they  are  ever  likely  to  encounter ; 
from  90°  to  110°  P.  If  the  process  has  failed,  putrefaction  takes  place,  and  gas  is 
evolved,  which  will  cause  the  ends  of  the  case  to  bulge,  so  as  to  render  them  convex, 
instead  of  concave.  But  the  contents  of  those  cases  which  stand  the  test  will  infalli- 
bly keep  perfectly  sweet  and  good  in  any  climate,  and  for  any  number  of  years.  If 
there  be  any  taint  about  the  meat  when  put  up,  it  inevitably  ferments,  and  is  de- 


tected in  the  proving  process. 

For  a  variety  of  details  and  methods  of  preserving  animal  and  vegetable  substances 
M  Ure's  Did.  Art*  and  ManvJ.  1046. 
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cfr»p-  x.  There  are  several  substances  which,  by  forming  new  combinations 
with  animal  matter,  retard  or  prevent  putrefaction,  such  as  chlorine 
and  many  of  the  saline  and  metallic  compounds  ;  sugar,  alcohol,  vo- 
latile oils,  acetic  acid,  and  many  other  vegetable  substances  alio 
stand  in  the  list  of  anti-putrefactives,  though  their  mode  of  operaunga 
by  no  means  understood. 
Effect  of  2266.  The  effluvia  which  arise  from  putrescent  substances,  and 
the  effluvia.  more  especially  those  generated  in  certain  putrid  disorders,  hare  a 
tendency  to  create  peculiar  diseases,  or  to  give  the  living  body  a  ten- 
dency to  produce  poisons  analogous  to  themselves.  An  atmosphere 
Pomigm-  thus  tainted  by  infectious  matter,  may  be  rendered  harmless  byfan> 
gation  with  the  volatile  acids,  more  especially  the  nitrous  aod  the 
hydrochloric  ;  chlorine  is  also  very  effectual:  the  vapour  of  vinegar, 
though  sometimes  useful  in  covering  a  bad  smell,  is  not  to  be  relied 
on.  It  appears  evident  that  the  acid  and  chlorine  act  chemically  upoa 
the  pernicious  matter,  and  resolve  it  into  innocuous  principles. 

2267.  When  muscular  flesh  is  immersed  in  a  stream  of  ronninr, 
water,  it  is  partially  converted  into  a  substance  having  many  of  tne 
properties  of  fat  combined  with  a  portion  of  ammonia.  The  same 
changes  have  been  observed  where  large  masses  of  putrefying  auh 
mal  matter  have  been  heaped  together,  or  where  water  has  had  occa- 
sional access  to  it.  Nitrate  of 
under  the  same  circumstances. 


Fibrin. 


Action  of 


Section  II.    Fibrin,  fyc. 

2268.  Fibrin  is  the  principal  part  of  muscular  fibre,  and  is  found 
also  in  the  blood  of  animals.  It  is  solid,  tasteless,  inodorous;  hast 
whitish  appearance  ;  some  elasticity,  and  is  rendered  hard  and  brittle 
by  drying.  Soluble  in  strong  acetic  acid,  swelling  at  first,  and 
forming  a  concentrated  jelly. 

2269.  It  is  decomposed  by  strong  and  by  diluted  nitric  acid,  puree:* 
trogen  being  evolved  from  it  when  the  acid  is  diluted  ;  a  yellow  pow- 
der, called  yellow  acid,  is  formed  during  the  reaction  of  the  nitnc 
acid.  Berzelius  has  affirmed  that  it  is  a  compound  of  nitric  acid  acd 
fibrin  afteT  it  has  been  affected  by  the  acid.  With  sulphuric  acid, 
a  solution  is  procured,  containing  a  peculiar  white  matter  called  In- 
cine;  the  sulphuric  acid  is  separated  from  it  by  chalk,  the  solutions 
the  leucine  being  then  filtered  and  evaporated.  Diluted  hydrochlo- 
ric acid  has  little  action  on  fibrin,  and  by  the  strong  acid  it  it  de- 
composed. Fibrine  is  also  dissolved  by  concentrated  solutions  a 
potassa,  soda,  and  ammonia,  being  at  the  same  time  decomposed 
It  is  insoluble  in  water  ;  alcohol  converts  it  into  a  fatty  matter. 

2270.  It  is  procured  from  muscular  fibre  by  macerating  it  in  water, 
or  by  stirring  newly  drawn  blood  with  a  stick,  when  it  collects  in  coo- 
tiderable  quantity  upon  it. 

The  analysis  of  fibrin  affords  carbon  53,  hydrogen  7,  nitrogen  15. 
oxygen  19. 

2271.  Albumen,  50  carb.,"7  hyd.,  15  nil.,  26  oxy.,  is  found  ai«n- 
dantly  in  the  solid  form,  and  in  solution  in  water,  constituting  in  u* 
latter  case  liquid  albumen. 
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2272.  Solid  albumen  is  found  in  the  cellular  membrane,  and  in   s*cu  hi. 
a  great  number  of  other  animal  solids.    Liquid  albumen  forms  the  Solid 
white  of  the  egg,  and  almost  the  whole  of  the  serum  of  the  blood.  meD 
It  is  a  thick  fluid,  distinctly  alkaline  from  the  presence  of  soda,  coin- 
bines  with  cold  water,  and  is  coagulated  at  160°  by  heat ;  it  is  also 
coagulated  by  alcohol,  by  sulphuric,  nitric,  hydrochloric,  melaphos- 
phoric,  and  many  other  acids ;  by  ferrocyanate  of  potassa  after  the 
addition  of  acetic  acid  ;  by  bichloride  of  mercury,  hydrochlorates  of 

tin  and  iron,  ncetate  of  lead,  and  by  the  infusion  of  galls.  Phospho- 
ric and  pyrophosphoric  acids  do  not  precipitate  it.  The  coagulated 
albumen  generally  carries  along  with  it  a  portion  of  the  precipitating 
agent. 

2273.  With  bichloride  of  mercury,  a  precipitate  of  chloride  of  mer- 
cury and  albumen  is  formed  ;  or  of  the  oxide  of  mercury,  according 

to  more  recent  investigation.  Bichloride  of  mercury  detects  albumen  Coualited 
in  2000  parts  of  water.*  An  excess  of  albumen  dissolves  those  pre-  |]LI?bl£y 
cipitates  which  are  compounds  of  albumen  and  an  oxide.  It  is  also 
instantly  coagulated  by  Voltaic  electricity  ;  and  if  two  platinum  wires 
connected  with  a  small  battery  be  immersed  into  diluted  albumen,  a 
rery  rapid  coagulation  will  lake  place  at  the  negative  pole,  and 
scarcely  any  effect  at  the  positive  pole. 

2274.  Albumen  coagulated  by  heat,  or  by  drying  successive  layers 
in  the  open  air,  resembles  fi  brine  much,  and  can  scarcely  be  distin- 
guished from  it  by  the  action  of  tests.  Berzelius  slates  that  it  has  no 
action  on  binoxide  of  nitrogen,  but  that  fibrine  produces  a  disengage- 
ment of  oxygen. 

2275.  Gelatine,  47  carb.,  7  hyd.,  16  nit.,  27  oxy.,  it  not  found,  Q«I»ud«. 
like  the  preceding  substances,  in  any  animal  fluids.  It  is  obtained  prin- 
cipally from  skin,  bones,  membranes,  ligaments,  and  tendons.  Isin- 
glass is  a  purer  variety,  which  is  prepared  from  the  sounds  of  the 
sturgeon  and  other  fish.  It  is  solid,  soluble  in  water,  hot  or  cold  ;  not 
coagulated  by  heat  or  acids  ;  forms  a  solution  which  gelatinizes  when 

cold,  even  when  100  parts  of  water  are  used  wiih  only  I  of  gelatine. 
Tannin  precipitates  it  copiously;  the  compound  is  called  urn  no-gela- 
tine, and  is  of  the  same  nature  with  leather,  which  is  usually  pre- 
pared by  the  action  of  tannin  (derived  from  oak-bark)  with  the  skins 
of  animals.  Glue  consists  of  impure  gelatine.  Gelatine  is  insoluble  in 
water ;  converted  into  a  peculiar  saccharine  matter  by  sulphuric  acid ; 
not  precipitated  by  bichloride  of  mercury  or  subacetate  of  lead. 

2276.  Osmazomc  is  found  associated  with  muscular  fibre  and  Osmazoroe. 
other  animal  matters;  it  is  particularly  distinguished  by  its  solubi- 
lity in  water  and  alcohol  at  any  temperature,  and  by  not  forming  a 
gelatinous  solid  when  its  solution  is  evaporated.    Osmazome  is  re- 
garded as  the  matter  which  gives  to  broth  its  peculiar  flavour. 


Section  III.    Bone,  Muscle,  <Vr. 

2277.  Bones  contain  about  33  per  cent,  of  animal  matter,  and  67 
of  earthy  substances.  The  animal  matter  is  composed  principally  of 
gelatine  and  marrow  or  fatty  matter.    The  following  are  the  coinpo- 
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ch«p  x.   pent  parts  of  the  earthy  matter  in  100  parts  of  bones, 
fractions  : — 

Analysis  of  Phosphate  of  lime,  about        .  .  .         .51  part*. 

bones.  Carbonate  of  lime,  .  .  11  " 

Fluoride  of  calcium,     ,         .         .  2  u 

Phosphate  of  mac nesia,  1  " 

Soda,  chloride  of  sodium,  and  water  in  smaller  proportion. 
Silica  and  alumina,  with 

Oxides  of  iron  and  manganese,  have  also  been  detected. 

Effector  2278.  Exposed  to  heat  in  the  open  air,  the  animal  matter  is  coo- 
heat,  sumed,  and  the  earthy  substances  alone  left.  Exposed  to  heat  with- 
out access  of  air,  ammonia,  inflammable  gases,  oily  matter,  water, 
and  other  substances,  are  evolved,  much  of  the  carbon  of  the  decom- 
posed animal  matter  remaining  with  the  earthy  substances  of  the 
bone.  In  this  condition  it  is  termed  ivory  black,  which  is  much  em- 
ployed as  a  decolourizing  agent,  charcoal  from  animal  substances 
(2210)  being  very  powerful  in  this  respect.  If  the  charcoal  be  re- 
quired perfectly  free  from  earthy  matter,  hydrochloric  acid  maybe 
employed  to  dissolve  it ;  and  when  it  has  been  removed  by  solution, 
the  remaining  charcoal  should  be  well  washed,  and  heated  to  red- 
ness, before  it  is  used  to  destroy  animal  or  vegetable  colouring 
matter. 

2279.  If  bones  be  kept  for  some  time  in  diluted  hydrochloric  acid, 
all  earthy  matter  is  removed,  and  the  animal  matter  which  remains 
retains  the  original  form  of  the  bone. 

2280.  Teeth  are  composed  of  the  same  materials  as  bones,  but 
contain  less  animal  matter. 

Horns,  &c.  2281.  Horns,  hoofs,  nails,  tendons,  the  cuticle,  and  the  true  skin, 
are  composed  principally  of  gelatine  ;  horns  contain  also  coagulated 
albumen,  and  a  portion  of  earthy  matter. 

Hair.  2282.  The  muscles  are  composed  principally  of  fibrine,  with  albu- 

men, gelatine,  osmazome,  fatty,  and  saline  matter. 

Brain.  2283.  Hair,  wool,  and  feathers,  are  considered  to  contain  a  pecu- 

liar animal  matter.  Silica,  sulphur,  iron,  manganese,  and  other 
substances,  more  particularly  salts  of  lime,  have  also  been  detected 
in  them. 

2284.  In  brain  and  the  matter  of  the  nerves,  80  per  cent,  of  water 
are  found.  Albumen,  fatty  matter,  and  osmazome,  constitute  the 
other  principal  ingredients.  A  variable  proportion  of  phosphorus 
has  also  been  detected,  along  with  minute  quantities  of  salts  and 
sulphur. 

Section  IV.    Blood,  Respiration,  Animal  Heat. 

Blood.  2285.  The  blood  is  a  fluid  slightly  saline,  unctuous,  and  has  a  pe- 

culiar odour.  Sp.  gr.  105,  and  temperature  above  97°  when  newly 
drawn,  or  while  circulating  in  the  bloodvessels  ;  it  appears  to  be  ho- 
mogeneous, but  by  the  microscope  it  is  found  to  consist  of  a  fluid 
almost  without  colour,  in  which  numerous  red  particles  are  sus- 
pended. 

2286.  When  removed  from  the  bloodvessels,  a  halitus  or  vapour 
arises  from  the  surface,  composed  of  water  and  a  little  animal  mat- 
ter, and  after  a  few  minutes  the  whole  mass  gradually  assumes  a 
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solid  consistence.    Shortly  afterwards  a  few  drops  of  yellowish  fluid  s«ct-  iv- 
gather  on  the  top,  and,  finally,  the  blood  spontaneously  separates  into 
two  parts,  the  clot  or  crassamentum,  which  is  thick  and  solid,  and 
the  serum  or  fluid  portion.    From  2  to  3  parts  of  crassamentum  are 
usually  procured,  with  1  of  serum. 

2287.  The  conversion  of  the  fluid  mass  into  the  solid  form  is  Coagula- 
called  the  coagulation  of  the  blood,  and  it  commences  within  two  °r{j{|J^ff 
three  minutes  after  its  removal  from  the  bloodvessels ;  the  clot  or  ' 
coagulum,  however,  often  continues  to  contract  slightly  for  two  or 

three  days  ;  it  then  assumes  the  form  of  a  cup,  and  floats  amidst  the 
serum.  The  cause  of  the  coagulation  is  not  known ;  it  has  been 
attributed  to  a  vital  action,  the  blood  being  considered  to  have  the 
property  of  vitality  as  well  as  the  living  solids.  It  indeed  contains 
organized  solids  floating  in  a  transparent  medium. 

2288.  The  coagulation  is  accelerated  by  exposing  the  blood  to  a  Accelera- 
temperature  of  120°,  or  drawing  it  from  a  small  orifice  into  a  shallow  led« 
vessel. 

2289.  It  coagulates  quickly  if  the  air  be  rapidly  exhausted  from 
the  vessel  in  which  it  is  received  ;  and  it  has  been  observed  to  coa- 
gulate speedily  in  proportion  to  the  depression  of  the  vital  energies, 
as,  for  instance,  in  haemorrhage.  Hence  the  blood  last  removed  ge- 
nerally coagulates  first.  Alum,  and  the  sulphates  of  zinc  and  copper, 
promote  this  change.  The  tint  of  coagulum  is  much  affected  by  the 
colour  of  the  vessel  in  which  the  blood  is  received. 

2290.  Saturated  solutions  of  hydrochlorate  of  soda,  hydrochlorate  prevented, 
of  ammonia,  nitrate  of  potassa,  and  potassa,  death  arising  from  vio- 
lent mental  emotions,  or  preceded  by  severe  exercise,  prevent  the 
process  of  coagulation.    Low  temperatures  produce  a  similar  effect, 

or  retard  it  much  ;  thus,  blood  which  coagulates  in  five  minutes  at 
60°,  requires  fully  an  hour  at  40°. 

2291.  It  has  been  stated  that  the  blood  does  not  coagulate  in  cases 
of  death  induced  by  lightning,  but  this  has  lately  been  contradicted. 
In  animals  killed  by  a  powerful  galvanic  battery  the  blood  has  been 
found  coagulated. 

2292.  Besides  a  particular  exhalation  from  the  blood,  heat  is 
evolved  during  coagulation.  Carbonic  acid  gas  was  supposed  to  be 
disengaged;  but  it  is  not  now  considered  that  any  of  this  gas  is 
evolved. 

2293.  The  blood  according  to  M.  Le  Canu,  consists  of  the  follow- 
ing substances  in  1000  parts  :  tip*' 

Water,   785.590 

Fibrin,             .......  3.565 

Albumen,       .......  69.415 

Colouring  matter,      -         ....         -  119.626 

Crystalline  fatty  matter,  termed  Seroline,  (Cholesterine  ?)    -  4.300 

Oily  matter,     .......  2.270 

Extractive  soluble  both  in  alcohol  and  water,           -         -  1.920 

Albumen  combined  with  soda,          ....  2.010 

Chlorides  of  sodium  and  potassium,  with  phosphates,  Bulphates, 

carbonates,  of  potassa  and  soda,  ....  7.304 

Carbonates  of  lime  and  magnesia  ;  phosphates  of  lime,  magne- 
sia, and  iron ;  peroxide  of  iron,   -         -         -         -  1.414 

Loss,   2.586» 


*  According  to  Gmelin  and  Tiedeman  blood  does  not  contain  free 
Sec  their  Researches  on  Blood  in  Rec.  of  Gen.  Sci.  1.  66. 
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2294.  Small  portions  of  alumina,  silica,  and  manganese,  hare 
been  found  in  the  blood,  and  even  a  minute  trace  of  copper,  by 
Sarzeau  and  O'Shaughnessy. 

2295.  Baruel  maintains  that  the  blood  contains,  in  addition  to  the 
preceding  principles,  a  volatile  matter  peculiar  in  each  species, 
which  is  disengaged  when  the  blood  is  mixed  with  strong  sulphu- 
ric acid. 

2296.  The  proportion  of  the  different  substances  in  blood  varies 
at  different  periods  of  life,  in  different  individuals,  and  in  disease. 
The  proportion  also  of  the  serum  to  the  clot  varies  much  from  the 
shape  of  the  vessel  in  which  the  fluid  is  received.  The  fatty  mat- 
ter has  been  regarded  as  Cholesterine. 

2297.  From  experiments  made  on  the  changes  produced  in  the 
composition  of  the  blood  by  repeated  bleedings,  it  appears  that  the 
albumen  and  salts  decrease  at  each  bleeding  ;  the  diminution  is, 
however,  very  variable,  and  even  after  the  fourth  time  does  not 
amount  to  one  and  a  half  per  cent.  In  the  globules  the  same  dimi- 
nution takes  place,  but  to  such  a  degree  that  they  are  at  least  re- 
duced to  less  than  one-half  their  original  quantity. 

2298.  The  proportion  of  solid  matter  of  the  serum,  and  solid 
matter  of  the  clot,  is  variously  estimated,  but  Prevost  and  Dumas 
give  the  following  relative  quantities,  in  1000  parts  of  human 
blood  : — 

.  784 
129 
87 

2299.  In  the  Crassamentum  the  principal  solids  are  the  fibrine  and 
colouring  matter  of  the  blood,  mixed  with  albumen  derived  from  the 
serum.  By  washing  in  a  cloth  with  water,  all  the  colouring  matter 
may  be  removed,  the  fibrine  being  left.  The  fibrine  is  found  not 
only  in  the  red  globules,  but  also  in  solution  in  the  serum,  as  it  cir- 
culates in  the  living  system. 

2300.  Colouring  matter  of  the  blood.  Regarded  formerly  as  de- 
^■!t"rrin<*  pending  essentially  upon  iron  for  its  tint,  which  is  attributed  now  to 

a  peculiar  animal  matter  resembling  albumen,  and  called  Hemato- 
sine.  It  differs  from  albumen  in  its  colour,  and  is  black  when  pure; 
it  has  a  reddish  colour  when  reduced  to  powder.  It  is  more  easily 
coagulated  by  heat  than  albumen,  and  is  not  precipitated  by  the  ace- 
tate or  subacetate  of  lead.  It  contains  carbon,  oxygen,  hydrogen, 
and  nitrogen,  with  a  minute  quantity  of  iron.  It  acts  with  other  agents 
in  the  same  manner  as  albumen. 

2301.  When  chlorine  is  transmitted  through  a  solution  of  the 
colouring  matter,  a  white  flocculent  matter  is  precipitated,  and  a 
transparent  fluid  is  obtained,  in  which  the  iron  may  be  detected  by 
all  the  usual  tests.  Iron  cannot  be  detected  by  the  usual  reagents, 
when  dissolved  in  a  solution  containing  organic  matter. 

2302.  It  is  obtained  by  diluting  a  solution  of  colouring  matter  in 
albumen  with  10  parts  of  water,  and  heating  the  liquid,  when  the 
colouring  matter  is  separated  by  coagulation  at  the  temperature  of 
149°,  while  albumen  remains  in  solution  till  heated  to  160°.  It  is 
also  precipitated  by  several  metallic  oxides.  A  solution  of  the 
colouring  matter  in  excess  may  be  procured  by  stirring  the  clot  in 
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water,  having  drained  it  previously  on  bibulous  paper,  after  cutting  8«*«  *v- 
it  in  thin  slices.    The  solution  of  colouring  matter  in  albumen 
is  procured  by  stirring  newly  drawn  blood,  so  as  to  remove  the 
fibrme. 

2303.  Erithrogen  (from  eqvdqocy  ruber)  is  a  term  applied  by  Bizio  Erithrogen. 
to  a  peculiar  animal  principle  obtained  by  him  in  a  diseased  gall- 
bladder, and  which  he  considered  as  the  base  of  the  colouring  mat- 
ter of  the  blood.    It  is  turned  red  by  nitrogen. 

2304.  The  serum  constitutes  the  fluid  portion  of  the  blood  ;  it  is 
of  a  pale  yellow  colour,  with  a  slight  tinge  of  green,  and  sometimes 
presents  a  milky  appearance.  Sp.  gr.  1.030.  It  contains  free  alka- 
li (soda.) 

2305.  It  is  coagulated  by  heat,  acids,  alcohol,  and  by  galvanism.  Effect  of 
On  cutting  and  pressing  the  coagulum  when  produced  by  heat,  a  small  beat. 
quantity  of  colourless  limpid  fluid  exudes,  called  the  serosity^  con- 
taining a  considerable  portion  of  the  saline  matter  of  the  blood,  and 
also  a  portion  of  animal  matter. 

2306.  According  to  Marcet,  1000  parts  of  the  serum  consist  of —  Analytic 

Water,        .....  900. 
Albumen,     .....  86.8 
Hydrochlorate  of  potassa  and  soda,  -  6.6 

Muco-extractive  matter,      -         -         -  4. 
Carbonate  of  soda,  1 .65 

Sulphate  of  potassa,  ....         0  35 
Earthy  phosphates,  ....  0.60* 

2307.  Respiration  consists  in  the  inspiration  and  expiration  of  air,  R^pira- 
during  which  the  air  received  into  the  lungs  meets  with  the  blood,  tion. 
when  it  changes  from  the  dark  purple  colour  of  venous  blood  to  the 
bright  and  brilliant  red  colour  which  it  presents  in  the  arteries.  No 
difficulty  is  now  entertained  with  respect  to  the  air  penetrating 
through  the  thin  membrane  of  the  cells  of  the  lungs,  as  numerous 
experiments,  particularly  those  of  Mitchellt  and  Faust,  have  shewn 
that  air  can  pass  through  membranous  matter,  and  affect  chemi- 
cally the  contents  within. 

2308.  The  experiments  on  the  diffusion  of  gases  illustrate  the 
passage  of  air  through  apertures  impervious  to  water ;  while  the 
movements  that  take  place  in  different  fluids  separated  by  a  mem- 
branous partition,  also  clearly  prove  the  facility  with  which  an  inter- 
change of  principles  can  ensue  with  great  force  where  it  was  not 
previously  suspected.  Dutrochet,  who  made  many  interesting  ex- 
periments on  this  subject,  found  that  a  bladder  filled  with  a  sirupy 
fluid  and  placed  in  water,  soon  absorbed  so  much  of  the  water  that 
it  burst,  a  portion  of  the  viscid  fluid  also  escaping  through  the  pores. 
Endosmose  is  the  term  applied  to  this  peculiar  action  as  it  is  observ- 
ed in  liquids,  and  exosmose  to  the  passage  of  a  portion  of  fluid  from 
the  interior  to  the  other  portion  of  liquid  with  which  it  may  be  sur- 
rounded ;  this  exosmic  movement  always  accompanies  the  endosmic 
action.    The  extensive  surface  on  which  the  fluid  is  spread  in  the 

-  — - — — .  .  

*  A  valuable  paper  on  Blood  and  Chyle  by  Muller  will  be  found  in  Rec.  of  Gen. 
flfad  *•  424* 
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Ch»P  x-  cells  of  the  lungs,  must  be  peculiarly  favourable  for  the  absorption 
of  oxygen  from  the  air  by  the  blood,  and  the  evolution  of  carbonic 

acid. 

Effect  of  2309.  Blood  agitated  with  air  or  oxygen  becomes  of  a  florid  red 
air,  &c      jn  t|je  same  manner  as  in  the  lungs  ;  but  with  nitrogen  and  with 


bonic  acid  the  colour  is  darkened.  The  quantity  of  air  arJected  ap- 
pears to  correspond  with  the  amount  of  colouring  matter  in  the 
blood.  The  presence  of  saline  matter,  as  in  the  serum  of  the  blood, 
is  essential  to  the  change  of  colour  ;  it  does  not  take  place  without 
it,  however  freely  the  air  or  oxygen  may  be  supplied,  as  Stevens 
proved.  The  experiments  of  Gregory  and  Irvine  have  shewn  that 
oxygen  is  necessary  to  induce  the  red  tint  in  the  globules  diffused 
through  serum,  or  any  similarly  diluted  solution  of  saline  matter, 
though  the  change  may  be  produced  in  a  strong  saline  solution 
...  without  any  oxygen.  Arterialization  is  the  term  applied  to  the 
zauon.      changes  that  are  produced  in  the  fluid  derived  from  the  food,  as  it  ■ 

converted  into  blood. 
Oxygen  re-    2310.  During  respiration,  the  quantity  of  oxygen  in  the  air  a 
moved,      diminished,  and  in  man  it  is  replaced  by  an  equal  bulk  of  carbonic 
acid  gas  ;  in  other  animals,  the  quantity  of  this  gas  given  oat  is 
occasionally  observed  to  be  greater,  and  sometimes  less  than  the 
oxygen  consumed.    Every  minute,  it  has  been  calculated  by  Alien 
and  Pepys,  26  cub.  inches  of  carbonic  acid  are  produced,  an  estimate 
considered  rather  high  by  many  chemists  ,  the  air  given  out  from 
nicacfd     tnc  'un?s  contains,  according  to  other  estimates,  3.6  per  cent,  of 
formed,     carbonic  acid  ;  according  to  them,  from  6  to  8  per  cent  of  this  gas. 

2311.  The  quantity  of  carbonic  acid  according  to  Coathupe  » 
but  6.4  per  cent.  Accordiug  to  his  recent  experiments  460.800  cube 
inches,  or  266.66  cubic  feet  of  air  pass  through  the  lungs  of  a  health? 

Its  uanti  a(*u'1  m  ^  hours,  of  which  10.666  cubic  feet  will  be  converted  into 
u  quan    carDonjc  acjd  gas  =2386.27  grs.  or  5.45  ounces  avoirdupois  of  car- 
bon.   This  gives  99.6  grains  of  carbon  per  hour,  produced  by  the 
respiration  of  one  adult  or  124.328  pounds  annually.* 

2312.  The  experiments  of  Thomson,  Prout,  and  Fyfe,  shew  that 
the  quantity  of  carbonic  acid  evolved  at  different  temperatures  vanes 
much  under  different  circumstances,  aud  even  at  different  periods  of 
the  day. 

2313.  By  a  forced  expiration,  about  200  cub.  inches  of  air  may, 
on  an  average,  be  expelled  from  the  lungs. 

2314.  The  nitrogen  of  the  air  is  little  affected,  apparently,  by  res- 
piration ;  occasionally  its  quantity  appears  to  be  increased',  and 
sometimes  it  is  diminished,  the  effect  varying  with  the  seasons  and 
other  circumstances. 

Animal  2315-  Animal  heat.  The  discovery  of  carbonic  acid  in  tbe  air  dis- 
engaged from  the  lungs  during  respiration,  was  made  by  Black. 
He  considered  respiration  analogous  to  combustion,  and  that  the  car- 
bonic acid  is  formed  in  the  lungs.  Crawford,  adopting  his  views, 
believed  that  the  capacity  of  the  blood  for  caloric  is  increased  at  the 
moment  the  carbonic  acid  is  produced,  and  hence  tbe  reason  why 
no  burning  heat  is  perceived  in  the  lungs ;  but  the  capacity  of  the 


*  See  Coathupe's  experiment*  in  Und.  and  Edtn.  PhU<*.  Mag  Jon*.  I9JI 
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blood,  he  supposed,  is  diminished  as  it  passes  from  arterial  to  venous  Sect,  iv. 
blood  in  the  extreme  capillaries,  when  the  heat  that  had  originally  Theories, 
been  produced  (though  not  rendered  sensible  in  the  lungs)  is  evolved, 
diffusing  an  equal  degree  of  warmth  over  the  whole  body.  His  ex- 
periments, however,  as  to  the  relative  capacities  of  oxygen,  carbonic 
acid,  venous,  and  arterial  blood,  on  which  the  theory  rests,  have  not 
been  supported  by  other  chemists. 

2316.  Ellis  considered  that  carbon  is  separated  from  the  blood 
as  an  excreted  product,  and  then  acts  on  the  air  inspired. 

2317.  Hassenfratz  and  Le  Grange  proposed  another  view  of  the 
manner  in  which  the  carbonic  acid  is  produced,  and  it  is  most  gene- 
rally  received  at  present.  They  considered  that  the  oxygen  of  the 
air  is  absorbed  by  the  blood,  and  a  corresponding  quantity  of  car- 
bonic acid  evolved,  produced  during  the  course  of  the  circulation  by 
the  oxygen  which  had  been  previously  absorbed.  Carbonic  acid  gas 
has  been  detected  in  venous  blood,  being  evolved  when  it  is  trans- 
ferred directly  from  the  living  body  into  an  atmosphere  of  hydrogen 
gas. 

2318.  The  skin  affects  the  air  much  in  the  same  manner  as  the 
lungs,  carbonic  ncid  being  produced  and  oxygen  consumed. 

2319.  In  some  animals,  respiration  is  carried  on  entirely  by  the 
skin,  and  a  considerable  quantity  of  carbonic  acid  evolved. 

2320.  The  production  of  animal  heat  was  considered  by  Black  to  Black's 
depend  upon  the  formation  of  carbonic  acid  by  the  oxygen  of  the  lheorT« 
air  combining  with  the  carbon  of  the  blood.    Numerous  experiments 
have  now  proved,  that  the  greater  the  heat  produced  in  the  body, 

the  greater  the  consumption  of  oxygen  in  the  lungs ;  it  is  also  sup- 
posed that  this  operation  is  not  the  only  source  of  animal  heat,  but 
that  it  may  be  developed  in  part  by  other  operations  going  on  at  the 
same  time. 

2321.  By  disease,  blood  is  much  altered  in  its  properties,  ^Ea^tf 
cases  of  cholera  it  is  very  much  affected;  its  colour  becomes  dark,  disea»e° 
sometimes  it  acquires  the  consistence  of  tar,  and  is  less  readily 
affected  by  the  oxygen  of  the  air.    It  loses  much  water,  and  most 

of  its  saline  matter,  the  proportion  of  albumen  and  colouring  mat- 
ter being  increased.  Its  density  is  greater,  and  it  does  not  co- 
agulate. 

2322.  Blood  occasionally  presents  a  white  appearance,  owing  to 
the  presence  of  fatty  matter  in  considerable  quantity,  which  is  de- 
tected by  ether  dissolving  it,  and  giving  a  solution,  from  which  it 
may  be  procured  by  evaporation. 

2323.  In  cases  of  inflammatory  action,  the  crassamentum  is  cov-  Buffycoat. 
ered  with  a  coat  of  pure  fibrin,  usually  called  the  buffy  coat.  This 

arises  from  the  blood  being  so  altered  in  its  qualities,  that  the  fibrin 
it  contains  in  solution  coagulates  more  slowly  than  the  rest  of  the 
blood,  and  part  of  it  is  deposited  above  the  red  clot.  The  red  glo- 
bules of  the  blood,  are  considered  heavier  than  pure  fibrin,  con- 
sisting of  a  small  portion  of  colourless  fibrin  in  the  centre,  which 
is  surrounded  by  the  colouring  matter  of  the  blood.  When  the 
blood  is  removed  from  the  body,  and  the  colouring  matter  escapes 
from  the  globule,  the  fibrin  from  the  centre  adheres  firmly  to- 
gether. 
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c*»p-  x.  2324.  The  blood  is  affected  to  a  great  extent  in  a  number  of  other 
Effect*  of  diseases,  though  this  may  not  in  general  be  so  easily  recognised  as 
blood**  °Q  m  Prece^lnS  cases,  chemical  analysis  being  required  to  point 
out  the  change.  Occasionally,  however,  the  change  is  sufficiently 
evident,  as  in  jaundice,  whenthe  blood  acquires  a  greenish- yellow 
tint  in  consequeuce  of  the  absorption  of  bile.  The  black  vomit 
observed  in  yellow  fever  is  regarded  as  a  compound  of  blood  and 
hydrochloric  acid.  Urea  is  frequently  observed  in  the  blood,  more 
especially  in  those  cases  when  the  secretion  of  urine  is  suppressed. 


Salira. 


Section  V.    Salivary,  arid  Gastric  Juices, 

2325.  The  Saliva  contains  a  small  quantity  of  solids  in  solution, 
scarcely  amounting  to  I  per  cent.    The  solid  matter  is  composed  of 
a  peculiar  animal  matter  and  saline  substances,  among  which  free 
soda  and  sulphocyanate  of  pot  ass  a  have  been  detected.    It  varies, 
however,  in  its  composition,  and  has  been  frequently  observed  acid, 
neutral,  and  alkaline. 
Pancreatic     2326.  Pancreatic  juice.  Regarded  formerly  as  being  of  the  same 
juice,       nature  with  saliva,  though  now  considered  very  different,  containing 
a  little  albumen,  curdy  matter,  osmazome,  a  free  acid  (acetic  ?), 
but  no  sulphocyanic  acid  is  present. 
Gastric        2327.  Gastric  juke.  This  fluid  is  secreted  in  its  proper  form  only 
juice,       from  the  stimulus  of  food,  when  hydrochloric  acid  may  be  distinctly 
traced  in  it,  to  which  the  great  solving  powers  which  it  possesses  are 
attributed ;  acetic  acid  is  also  associated  with  it.    The  hydrochloric 
acid  is  probably  derived  from  common  salt,  and  to  the  soda  produced, 
as  the  hydrochloric  acid  is  removed,  the  alkaline  reaction  of  the 
blood  may  perhaps  be  attributed.    The  stomach  itself  is  supposed  to 
be  defended  from  the  action  of  the  corrosive  acid  by  assuming  a  pe- 
culiar electric  condition.    In  cases  of  sudden  death,  the  stomach  is 
often  found  corroded  in  consequence  of  the  action  of  the  acid  on  its 
fibres.    Gastric  juice  acts  powerfully  in  coagulating  milk, 
its  action      2328.  The  gastric  juice  acting  on  the  food  produces  a  pulpy  mass, 
on  food.     termed  chyme,  from  which,  in  the  intestines,  a  milky  fluid,  the 
chyle  is  absorbed ;  this  contains  the  nutritious  matter  derived  from 
the  food,  and  is  conveyed  to  the  heart,  and  thence  to  the  lungs, 
where  it  acts  with  the  air,  and  is  converted  into  arterial  blood. 
Bile.  2329.  Bile  is  a  greenish-yellow  coloured  fluid,  generally  rather 

viscid,  having  a  sweetish  bitter  taste  and  nauseous  odour.  Heavier 
than  water,  alkaline  ;  coagulated  by  acids. 

Thenard  regards  the  bile  of  the  ox  as  a  compound  of  about  7  parts 
of  water  and  1  of  animal  and  saline  matter,  composed  of— 

Picromel.  Hydrochlorate  of  tod  a. 

Resin.  Hydrochlorate  of  potassa. 

Yellow  matter.  Sulphate  of  soda. 

Soda.  Phosphate  of  lime. 

Phosphate  of  soda.  Magnesia  and  oxide  of  iron. 

The  saline  matter  constitutes  a  small  proportion  of  the  ingredients. 
Cholesterine,  an  odoriferous  animal  matter,  and  another  peculiar 
animal  matter,  osmazome,  gluten,  cholic  acid,  and  some  fatty  sub- 


*  See  experiments  of  Tiedcmana  snd  Gmelin  in  Ann.  de  Chim.  lix.  348. 
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i,  have  also  been  found  in  bile.    In  human  bile,  similar  ingre-  *»._ 
dients  have  been  detected. 

2330.  Picromel.  Solid,  crystalline,  soluble  in  alcohol  and  water ;  picromel. 
taste  sweet.    Prepared  from  bile  by  precipitating  sulphuric  acid  and 

some  other  substances  by  acetate  of  lead,  then  adding  subacetate  of 
lead,  the  oxide  falling  down  with  the  picromel  and  resin.  By  hydro- 
sulphuric  acid  acting  on  the  precipitate  suspended  in  water,  sulphuret 
of  lead  is  formed,  being  left  undissolved  along  with  the  resin  ;  the 
picromel  remains  in  solution. 

2331.  Cholic  Acid  is  solid,  crystalline,  reddens  litmus,  and  has  a  cholic 
sweet  taste.    Biliary  Calculi  are  composed  principally  of  cholesle- acid- 
rine,  and  the  colouring  matter  of  the  bile.    Sometimes  they  contain 

no  cholesterine. 

2332.  ChoUsterine  is  white,  crystalline,  with  a  pearly  lustre.  Choleste- 
Melts  at  278°  ;  does  not  form  a  soap  with  potassa.    Insoluble  in  "n*- 
water;  dissolved  abundantly  by  boiling  alcohol;  sparingly  soluble 

in  cold  alcohol.    By  the  action  of  nitric  acid,  cholesleric  acid  is 
produced. 

Section  VI.    Milk  and  Chyle.  . 

2333.  Milk  contains  the  following  substances,  of  which  the  first,  Milk, 
water,  constitutes  nearly  929  parts  in  1000 : — 

Watwr.  Hydrochlorate  of  pot 

Butter.  Acetate  of  potassa. 

Caseous  matter.  Phosphate  of  potassa. 

Sugar  of  milk.  Phosphate  of  lime. 

Lactic  acid.  Traces  of  iron. 

2334.  Cream  contains  rather  more  than  3  per  cent,  of  caseous  mat- 
ter, and  4  of  butter,  the  rest  being  whey. 

2335.  Whey  consists  principally  of  water,  with  small  portions  of  Whey, 
animal  matter,  and  a  large  quantity  of  a  peculiar  saccharine  matter, 
called  sugar  of  milk,  which  may  be  procured  by  evaporation. 

2336.  Butyrine  is  the  name  given  to  oily  matters  which  constitute  Botyrioe. 
butter. 

2337.  Caseous  Matter  is  the  curdy  substance  obtained  from  milk  Caseoua 
coagulated  by  rennet,  the  infusion  made  by  the  action  of  water  upon  maUer" 
a  portion  of  the  stomach  of  the  calf,  which  is  powerful  in  coagulating 
milk.  It  always  contains  in  this  condition  some  foreign  matter  asso- 
ciated with  it,  being  soluble  in  water  when  pure,  and  forming  a  mu- 
cilaginous solution.  Sulphuric,  nitric,  hydrochloric,  and  other  acids  ; 
alcohol,  the  infusion  of  galls,  and  a  variety  of  other  substances,  coa- 
gulate milk  by  combining  with  the  caseous  matter. 

233S.  Caseous  matter  is  maintained  by  some  chemists  to  contain 
two  distinct  principles,  caseic  acid,  and  caseous  oxide  of  aposepi- 
dine.  Others  again  regard  it  as  approaching  very  nearly  to  coagu- 
lated albumen  in  its  leading  characters. 

2339.  Chyle  is  the  milky  looking  fluid  taken  up  from  the  chyme.  Chyle. 
It  approaches  in  its  characters  to  blood,  but  has  only  a  slight  pink 
tint,  and  contains  less  solid  matter.  It  forms  a  less  firm  crassamen- 
turn  during  coagulation,  and  from  its  serum  a  Jlocculent  precipitate 
is  obtained  by  heat,  termed  by  Prout  incipient  albumen.  The  chyle 
of  two  dogs  analyzed  by  him  contained  from  89  to  94  of  water, 
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Chap. x.  the  rest  being  fibrin,  incipient  albumen,  albumen  with  a  slight  pink 
tint,  and  minute  quantities  of  sugar,  and  oily  and  saline  matters. 


Section  VII.    Oleaginous  and  Fatty  Substances. 

• 

2340.  These  resemble  much  in  all  their  leading  characters  the 
fixed  oils  of  vegetables.  Stearine  is  found  in  most  of  them  asso- 
ciated with  variable  proportions  of  oleine.  Berard  prepared  a  sub- 
stance very  similar  to  fat,  by  passing  through  a  red-hot  tube  a  mix- 
ture of  carbonic  acid,  carburetted  hydrogen,  and  hydrogen.  Dobe- 
reiner  succeeded  in  producing  an  analogous  compound  with  coal  gas 
and  watery  vapour. 

2341.  Stearine  is  obtained  with  facility  in  brilliant  crystals  when 
Stearine.    deposited  from  a  hot  ethereal  solution.    It  is  very  soluble  in  hot 

ether,  sparingly  soluble  in  cold  ether.  It  is  also  soluble  in  boiling 
alcohol.  Melts  at  129°.  Prepared  by  boiling  mutton  suet  in  ether, 
after  melting  it  to  separate  any  membranous  matter,  and  removiof 
the  adhering  solution  from  the  crystals  by  bibulous  paper  ;  this  pro- 
cess is  repeated  with  the  crystals  several  times.  Similar  processes 
may  be  adopted  in  preparing  stearine  from  other  fatty  matters. 

2342.  When  boiled  with  a  solution  of  potassa  or  soda,  it  is 
resolved  into  stearic  acid  and  glycerine.  The  stearic  acid  may  be 
separated  by  neutralizing  the  alkali  with  sulphuric  acid  (1690). 

M  2343.  Margarone  is  the  name  given  to  another  fatty  matter  very 

"similar  to  slearine,  but  more  soluble  in  ether,  and  melting  at  117°. 
It  is  procured  by  allowing  the  matter  separated  from  the  stearine 
(1693)  to  evaporate  and  crystallize  spontaneously. 

2344.  Olein  is  obtained  by  pressing  lard  in  bibulous  paper,  to 
0Ie,u        which  it  adheres.    It  is  similar  to  that  procured  from  vegetable  sob- 
stances.* 

2345.  Ambergris  is  considered  to  be  a  concretion  produced  in  the 
Ambergris,  stomach  of  the  spermaceti  whale.    It  is  found  floating  on  the  sea 

coast  of  India  and  Africa.    It  consists  principally  of  a  peculiar  fatty 
matter,  called  ambreine,  which  resembles  chotesterine.t 
Di    .  2346.  Dippers  Oil  is  the  name  given  to  a  thin  limpid  oil,  the  pro- 

oil     *     duct  of  the  destructive  distillation  of  animal  substances. 
P_  h  2347.  Fat,  Hogs' -lard  and  Suett  are  compounds  of  stearine  and 

lard, and  oleine  in  various  proportions;  they  melt  at  various  temperatures  be> 
suat.        tween  59°  and  102°.    The  stearine  and  oleine  differ  often  in  the  rat 

obtained  from  different  animals. 
Hircioe        2348.  Hircine  is  procured  from  the  fat  of  the  goat  and  sheep. 
S  rma        2349,  Spermaceti  is  prepared  from  the  fatty  matter  found  in  the 
jwrma-  ^  ^e  spermaceti  whale.    Solid,  white,  crystalline,  insoluble  in 

water,  soluble  in  ether  and  alcohol.  Melts  at  a  temperature  below 
212°.  It  is  usually  mixed  with  a  little  fluid  oil,  and  is  termed 
cetinc  when  purified  by  solution  in  boiling  alcohol  and  crystallization. 
Ethal  is  a  solid  fatty  mutter  which  remains  after  the  separation  of 
margaric  and  oleic  acids  ;  boiling  cetine  with  potassa  or  soda,  so  as 
to  produce  soap. 


Aiipodre.  See  2267.  t  Cholcsltrine.  See  Bile- 
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2350.  Spermaceti  Oil  is  the  fluid  expressed  from  the  fatty  matter  Sect.vm. 
from  which  the  spermaceti  is  obtained. 

2351.  Train  oil  is  procured  by  heating  blubber  to  212°.  Its  often-  TraiD  oil. 
sive  odour  arises  from  decomposed  animal  matters  which  are  mixed 

with  it.  » 


Section  VIII.    Mucus,  Pus,  dj-c. 

2352.  Mucus.    The  existence  of  a  distinct  principle  to  which  thisMacv 
name  has  been  applied  is  doubtful.    The  mucus  described  by  Bos- 
tock  is  soluble  in  hot  and  cold  water,  and  does  not  gelatinize.  Tan* 

nin  and  bichloride  of  mercury  do  not  precipitate  it.  The  mucus  of 
the  nose  is  rendered  transparent  by  water,  but  not  dissolved.  It  is 
dissolved  by  nitric  acid,  dilute  sulphuric  ncid,  and  potassa. 

2353.  Pus  varies  much  in  its  qualities,  according  to  the  nature  of  Pus. 
the  source  from  which  it  is  produced.  Healthy  pus  is  a  bland,  thick 
fluid,  apparently  homogeneous,  but  composed  of  a  thin  transparent 
fluid,  with  opaque  globules  floating  in  it.  Sp.  gr.  1.030.  Neutral, 
but  becomes  acid  by  the  action  of  the  air.  Soluble  in  sulphuric, 
nitric,  and  hydrochloric  acids,  and  in  alkalies.    Ammonia  produces 

a  gelatinous  mass  with  it. 

2354.  The  following  are  the  principal  tests  which  have  been  pro 
posed  for  distinguishing  pus  from  mucus  : — 

Tests. 

Mixed  with  an  equal  weight  of 
water,  and  then  with  an  equal 
weight  of  a  saturated  solution  of 
carbonate  of  potassa, 


Diffused  through  water. 

Dissolved  in  potassa,  and  water 
added, 

Dissolved  in  sulphuric  acid,  and 


Mocos. 
does  not  gelatinize. 


from  a  catarrh,  it  floats. 


Pus. 

produces  a  jelly.  Te,t,  of 


mucus  and 


the  water. 


precipitated, 
precipit 

precipi 


2355.  Fluid  of  Serous  Surfaces.    Composed  principally  of  water,  Fiajd  0f  »e- 
with  small  portions  of  albumen,  mucus,  and  saline  matter.    The  rous  sui- 
lymph  which  lubricates  the  cellular  membrane  is  considered  of  ana- facei* 
logous  composition.    Small  portions  of  lactic  acid  are  also  found 

in  it. 

2356.  Lactic  acid  has  been  found  in  most  animal  fluids,  and  in  a  Lactic  acid, 
number  of  vegetables;  it  was  first  obtained  from  sour  milk,  from 

which  its  name  is  derived.  Its  concentrated  solution  is  sirupy,  very 
acid,  and  can  displace  acetic  acid  from  its  combinations.  It  is  pre- 
pared by  evaporating  solutions  containing  it  to  a  sirupy  consistence, 
extracting  the  lactic  acid  by  alcohol.  By  combination  with  oxide  of 
zinc,  separating  it  afterwards  by  baryta,  and  ultimately  removing  the 
baryta  by  sulphuric  acid,  it  is  obtained  in  a  pure  form.# 


*  Formic  Acid  has  been  already  described  (1610). 
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Section  IX.    f/rea — lrric  ylcuf. 


Urea.  2357.  Urea  has  been  already  described  (1742).    According  to 

Cass  and  Henry  it  does  not  exist  in  urine  uncombined,  but  united 
with  different  acids  in  different  beings ;  in  man  combined  with  hip- 
puric  acid,  in  serpents  and  birds  with  lithic  acid,  or  at  least  with 
the  peculiar  acid,  which,  according  to  Liebig,  is  its  radical.* 
Uric  or  li-      2358.  Uric  or  Lithir.  Acid  may  be  prepared  from  calculi  of  uric 
thic  acid    acid,  or  from  the  uric  acid  deposited  from  acidulated  urine,  by  dissol- 
prepared.    ymg  ^  «n  ft  80iutjon  0f  potassa,  and  adding  an  acid  to  precipitate  it 
from  the  urate  of  potassa. t 


2359.  Purpuric  Acid  is  white  when  pure,  and  is  particularly  dis- 
tinguished by  the  brilliant  coloured  purple  compounds  which  it  forms 
with  several  of  the  salifiable  bases.    Formed  in  combination  with 


Purpuric 

ammonia  by  the  action  of  nitric  and  uric  acids.  The  ammonia  may 
be  displaced  by  potassa,  and  the  purpuric  acid  precipitated  by  adding 
sulphuric  acid  to  combine  with  the  potassa.  The  erythric  acid  of 
Brugnatelli,  and  the  sediment  often  deposited  from  urine  in  fevers, 
and  called  at  one  time  rosacic  acid,  are  considered  by  Prout  to  b* 
composed  of  purpurate  of  ammonia. 
uric  2360.  Cyanurie  Acid,  called  also  Pyrouric  Acid,  is  formed  wbea 
•eld"  ur»c  acid  is  healed,  or  by  the  action  of  chlorine  on  different  compounds 
containing  cyanogen  and  water.  Urea  also  may  be  made  to  produce 
this  acid  (1761). 

2361.  A  peculiar  colouring  matter,  not  containing  any  purpuric 
acid,  has  also  been  discovered  in  the  urine. 
Urine.  2362.  Urine  is  a  transparent  limpid  fluid,  of  an  amber  colour  ;  sp. 

gr.  1.0224,$  when  recently  discharged  it  has  an  acid  reaction,  but  after 
a  short  time  it  acquires  decided  alkaline  properties.  The  following 
are  the  component  parts  of  urine,  according  to  Berzelius,  in  1000 
parts  : — 

Water,-         .....  933.00 

Analysis.  Urea,  30.10 

Uric  acid,        -         -         -         -         -  1.00 
Free  lactic  acid,  and  lactate  of  ammonia  with  ani- 
mal matter,    .....  17.14 
Mucus  of  the  bladder,  ....  0.32 
Sulphate  of  potassa,  ....  3.7] 

soda,         ....  316 
Phosphate  of  soda,  ....  2SH 

Phosphate  of  ammonia,  -  -  -  1  65 

Hydrochlorate  of  soda       ....  4.45 
'*       ammonia,    -         -         -         -         1 50 
Earthy  matters  with  a  trace  of  flu  ate  of  lime,      -     1 .00 
Siliceous  earth,  •         -         •  0.03 

Sulphur,  phosphorus,  and  albumen,  are  also  found,  but  in  rerr 
small  quantities.    In  children,  and  also  in  graminivorous  animals,  a 
considerable  amount  of  benzoic  acid  may  be  detected.    Its  sp.  gr. 
varies  very  much,  both  in  health  and  disease. 
Decern-        2363.  Urine  is  quickly  decomposed  spontaneously ;  and  as  tbt 

*  Jour.  He  Pkarm.  March,  1R39,  and  Etlin.  PhUot.  A/at,-.  Aug.,  1439. 
1  Sec  Thomson  in  Rec.  of  Gen.  So.  11.  3.  1 1 .01 W,  Thornton. 
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urea  is  resolved  into  carbonate  of  ammonia,  phosphate  of  lime  and  g»cu  ix. 
phosphate  of  ammonia  and  magnesia  are  deposited. 

2364.  From  disease  the  urine  is  often  much  changed  in  its  quali- 
ties ;  the  following  are  the  principal  alterations. 

2365.  The  urine  often  becomes  so  loaded  with  different  materials,  Deposition 
that  much  is  deposited  in  the  solid  form  before  it  is  discharged,  J^0*1^ 
giving  rise  to  the  production  of  urinary  sand  or  calculi,  according  to 

the  cohesion  of  the  precipitated  matter. 

2366.  Uric  Acid  Calculi  are  of  a  brownish-yellow  colour,  and  ge- 
nerally consist  of  different  layers  of  acid.    They  are  decomposed  by  u"cac*^» 
heat,  soluble  in  potassa,  produce  purpurate  of  ammonia  by  nitric  acid. 

In  most  calculi,  small  portions  of  uric  acid  may  be  detected.  An 
excess  of  uric  acid,  or  the  decomposition  of  urate  of  ammonia  by 
other  acids,  are  considered  the  principal  causes  of  the  deposition  of 
uric  acid. 

2367.  Urate  of  Ammonia  Calculi  have  a  clay  colour ;  evolve  am-  Urate  of 
monia  when  heated  with  potassa.    With  the  other  agents  mentioned  ammonia, 
in  the  preceding  paragraph,  the  same  phenomena  are  produced  as 

with  uric  acid  calculi. 

2368.  Oxalate  of  lime  Calculi  are  rough  and  tuberculated  on  the  Oxalate  of 
surface.    Healed  to  dull  redness  they  produce  carbonate  of  lime.  lin,e« 
Heated  to  whiteness  nothing  is  left  but  quicklime.    With  sulphuric 

acid,  sulphate  of  lime  is  formed,  and  then  the  oxalic  acid  may  be  se- 
parated in  solution  by  water. 

2369.  Phosphate  of  Lime  Calculi.    Not  decomposed  by  heat ;  phosphate 
insoluble  in  potassa;  soluble  in  diluted  nitric  or  hydrochloric  acid ;  of  lime, 
give  no  ammonia  when  heated  with  potassn  ;  not  dissolved  by  cold 

acetic  acid. 

2370.  Phosphate  of  Ammonia  and  Magnesia  Calculi  evolve  am-  phosphate 
monia  when  heated  alone,  or  with  potassa.  Not  dissipated  by  heat,  of  ammo- 
though  the  ammonia  is  expelled.  Soluble  in  diluted  nitric  and  hy-  Ua^Uesia, 
drochloric  acids  ;  soluble  also  in  cold  acetic  acid. 

2371.  The  Fusible  Calculus  is  a  mixture  of  phosphate  of  lime  Fusible, 
with  phosphate  of  ammonia  and  magnesia.    It  is  melted  by  heat. 

Cold  acetic  acid  dissolves  the  phosphate  of  ammonia  and  magnesia, 
but  does  not  affect  the  phosphate  of  lime. 

2372.  The  Carbonate  of  Lime  Calculus  is  distinguished  in  the  Carbonate 
same  manner  as  common  carbonate  of  lime.    A  portion  of  animal  of  lime, 
matter  is  generally  blended  with  it.    A  calculus  composed  of  oxalate 

and  carbonate  of  lime  has  lately  been  noticed.    Both  these  varieties, 
however,  are  extremely  rare. 

2373.  The  Alternating  Calculus  consists  of  alternate  layers  of  Alterna 
some  of  the  preceding  calculi.    Siliceous  Gravel  has  occasionally  uog, 
been  noticed  in  some  urinary  complaints.    It  is  not  affected  by  heat, 

is  insoluble  in  acids,  fuses  with  alkalies  added  in  excess,  and  pro- 
duces silicated  potassa. 

2374.  Cystic  Oxide  Calculi  contain  a  peculiar  animal  matter,  cys- Cystic  ox- 
tic  oxide,  which  is  soluble  in  acids,  alkalies,  alkaline  carbonates,  and  ide» 
lime-water.    Xanthic  Oxide  Calculi  consist  of  another  peculiar  ani- 
mal matter.    With  nitric  acid  it  produces  a  lemon-yellow  coloured 
compound. 

2375.  Fibrinous  Calculi  are  composed  of  fibrin.    The  last  three  ^J0™ 

64 
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Add«ad*.    varieties  of  calculi  are  extremely  rare,  and  are  decomposed  by  beat, 
in  the  same  manner  as  other  animal  substances. 

2376.  The  uric  acid  and  the  phosphate  of  ammonia  and  magnesia 
calculi,  are  those  most  frequently  observed. 
Production     2377.  Sugar  is  found  in  considerable  quantity  in  the  urine  of  in- 
ofSu^ar,    dividuals  affected  with  diabetes;  6  per  cent,  of  sugar  may  often  be 
Albumen,  procured  from  ft.    Kane  obtained  a  still  larger  quantity.  Albumen 
is  often  found  in  large  quantity  in  the  urine  of  individuals  affected 
with  some  varieties  of  dropsy,  coagulating  when  exposed  to  heat  like 
the  serum  of  the  blood.    In  some  cases  it  has  coagulated  even  within 
the  bladder. 

Ureade-  2378.  Urea  is  sometimes  found  in  excess  in  urine.  Prout  states, 
tected.  tkat>  when  thjg  is  the  case,  nitric  acid  added  in  an  equal  bulk  to  a 
few  drops  of  urine  in  a  watch-glass,  produces  a  crystalline  precipi- 
tate of  nitrated  urea  in  half  an  hour.  Healthy  urine  produces  it 
more  slowly.  It  is  not  absent  in  diabetic  urine,  as  was  at  one  time 
supposed. 

2379.  In  some  diseases  of  the  liver,  the  urine  becomes  tinged 
with  bile,  and  has  a  deeper  yellowish  tint  than  usual.  Hydrochloric 
acid  produces  a  green  tint  in  urine  charged  with  bile.  r.  17*. 


c. 


ADDENDA. 

Radiation  of  Caloric.  The  late  experiments  of  Melloni  have  af- 
forded results  which  do  not  confirm  the  deductions  of  Leslie  (215)  in 
regard  to  the  influence  of  the  state  of  surfaces  upon  radiation.  A 
square  vessel  was  made  out  of  a  block  of  marble,  the  sides  of  which 
were  of  uniform  thickness,  and  the  external  surfaces  were  differently 
prepared.  The  first  was  smooth  and  brilliant;  the  second  was 
equally  smoth,  but  unpolished,  and  tarnished  ;  the  third  was  streaked 
in  one  direction ;  and  the  fourth  in  two,  crossed  at  right  angles. 
The  vessel  was  then  filled  with  hot  water,  and  projected  the  same 
quantity  of  radiating  caloric  from  each  of  the  four  sides.  Experi- 
ments with  metallic  surfaces  were  attended  with  a  much  more  abun- 
dant emission  of  caloric  from  streaked  surfaces  than  from  polished; 
this  is  attributed  by  Melloni  to  a  change  of  hardness  or  density,  in 
consequence  of  the  mechanical  compression.  A  surface  of  cast  silver 
had  nearly  one  third  more  radiating  power  than  one  of  the  same  me- 
tal forged,  and  the  radiating  power  of  the  latter  was  increased  four 
fifths  by  roughening  with  emery,  while  that  of  the  former  was  dimin- 
ished nearly  one  fifth.* 

Influence  of  Colour  on  Absorption  of  Odours.  Some  important  ob- 
coiouron    servations  have  been  made  by  Stark t  on  the  influence  of  colour  on 
of'aioure1       absorption  and  disengagement  of  odorous  matters.    He  found 
that  white  bodies  are  the  least  absorbent,  and  dark  the  most  so  ;  and 
has  made  several  important  applications  of  the  results  of  his  experi- 

*  Edin.  PhUot.  Jour.  xxvi.  299.  t  PhU.  Traru.  1833. 
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meats  in  respect  to  clothing,  white-washing,  the  retention  of  noxious  Addenda. 
effluvia  by  different  coloured  bodies,  and  the  consequent  communica- 
tion of  disease. 

CompouTul  Bloio-pipe.  The  notice  of  Hemming's  safety  tube  was 
inserted  (128)  after  the  apparatus  had  been  subjected  to  severe blow- 
trials,  the  results  of  which  fully  warranted  its  recommendation  as  a 
valuable  addition  to  the  compound  blow-pipe.  Since  then  an  explo- 
sion of  the  mixed  gases  has  occurred  in  a  strong  copper  globe  to 
which  the  safety  tube  was  attached.  The  tube  being  uninjured  and 
still  arresting  explosion  as  perfectly  as  before,  the  cause  of  the  occur- 
rence cannot  be  attributed  to  its  imperfection  ;  while  it  furnishes  ad- 
ditional caution  not  to  mix  the  gases  prior  to  their  combustion.  The 
student  should  also  bear  in  mind  that  explosion  may  occur,  even 
when  the  gases  are  contained  in  separate  vessels,  from  unequal 
pressure  ;  an  accident  which  Dr  Torrey  informs  me  he  has  experi- 
enced, the  jet  becoming  clogged  at  the  outlet,  and  a  portion  of  the  gas 
under  the  greatest  pressure  being  forced  into  the  vessel  containing 
that  under  less  pressure.  This,  however,  can  never  occur  when  the 
double  concentric  jet  (Fig.  129),  as  contrived  by  me,  is  used,  the 
two  orifices  of  the  conical  extremity  being  in  the  same  plane — in  the 
jet  where  the  two  orifices  open  into  one  common  outlet,  (as  in 
Fig.  128  e,)  the  accident  may  occur.* 

Photographic  Drawing.    Paper  may  be  prepared  with  a  solution  ph(  > 


of  bichromate  of  potassa,  instead  of  the  silver  salt  (1247),  which  phic  draw- 
acquires  a  deep  orange  tint  on  exposure  to  the  sun.  The  paper  should  ,Q«- 
be  well  soaked  in  the  saturated  solution  of  the  salt,  dried  rapidly  at  a 
brisk  fire,  excluding  it  from  day-light.  Paper  thus  prepared  is 
sufficiently  sensitive  for  taking  copies  of  prints,  dried  plants,  &c. 
The  portion  covered  by  the  object  retains  the  original  bright  yellow 
tint,  and  the  object  is  represented  yellow  upon  an  orange  ground. 
To  fix  the  drawing,  it  is  to  be  carefully  immersed  in  water,  by  which 
the  portions  of  the  salt  that  have  not  been  acted  upon  by  the  fight  are 
dissolved  out,  while  those  which  have  been  exposed  to  it  are  fixed  in 
the  paper.    The  object  then  appears  white  upon  an  orange  ground. 

A  pleasing  variety  may  be  made  by  using  sulphate  of  indigo  with 
the  bichromate  of  potassa,  the  colour  of  the  object  and  of  the  paper 
being  then  of  different  shades  of  green. t 

A  method  of  fixing  images  of  objects  upon  metal  has  been  recently  Da(rUerre'§ 
made  known  by  Daguerre.  A  plate  of  silvered  copper,  well  cleaned  method, 
with  dilute  nitric  acid,  is  exposed  to  the  vapour  of  iodine,  and  an  ex- 
tremely thin  coating  of  iodide  of  silver  is  formed.  Severnl  precau- 
tions are  required  to  render  the  coating  uniform,  the  chief  of  which 
is  the  use  of  a  rim  of  metal  round  the  plate.  The  prepared  plate  is 
placed  in  a  camera  obscura  and  allowed  to  remain  from  eight  to  ten 
minutes.  It  is  subsequently  exposed,  at  an  angle  of  48°,  to  the  va- 
of  mercury,  and  when  it  has  been  heated  to  167°  F.  the  images 
ar.  The  plate  is  then  exposed  to  the  action  of  hyposulphite  of 
and  finally  washed  in  a  large  quantity  of  distilled  water.* 


appear, 
soda  an 


*  See  an  account  of  this  explosion  in  Amcr.  Jour,  xxxtii.  104. 
t  Ponton  in  Trans.  Soc.  ArU,  Scotland,  May,  I83t. 
J  See  Jour.  Franklin  but.  xxiv.  207. 


Digitized  by  Google 


608 


Addenda. 


Detection  of  Iodine  and  Bromine.  Schweitzer  ha§  very  recently 
Detection  described  a  method  of  ascertaining  the  proportion  of  iodine  and  bro- 
and'Bro8  m'ne  m  waler»  by  which  he  obtained  from  100,000  gn.  of  the  water 
mine.       of  lne  Congress  spring  of  Saratoga  0.12164  gr.  of  iodide  of  silver. 

representing  in  1000  grs.  of  the  water  0.00067  gT.  of  iodine. 
Schweitzer  recommends  an  ammoniacal  solution  of  chloride  of  silver, 
prepared  by  mixing  one  part  of  a  saturated  solution  of  recently  pre- 
cipitated chloride  of  silver  in  ammonia  with  one  of  liquid  ammonal 
(sp.  gr.  0.935)  and  two  parts  water.  If  to  a  concentrated  solution  of 
chloride  f  sodium  containing  one  thirtieth  part  of  a  bromide,  a  few 
drops  of  this  solution  be  added,  the  solution  of  chloride  of  sodiuo 
will  remain  clear,  but  if  the  most  minute  particle  of  an  iodide  be 
present,  it  will  be  rendered  turbid.  For  the  method  of  examination 
for  bromine,  and  of  analysing  sea- water,  see  Land,  and  Edin.  PhiL 
Mag.  July,  1839. 

The  quantity  of  iodine  in  sea-water  is  very  minute,  174 
Troy  not  containing  one  grain. 

The  following  is  a  comparative  analysis  of  sea-water  : 

Sea-  Water  of  the  British  Channel-*  Of  the 

On. 

Water       -         -  -  964.74372  -         -  959.26 

Chloride  of  sodium      -  .   27.05948  -  -  - 

"        potassium  -  0.76552  -         -             0  01 

"        magnesium  -     3  66658  -  -         -  6.14 

Bromide  of  magnesium  -  0.02929         -  -   

Sulphate  of  magnesia  -  ■  -     2.29578  -         -         .        7  03 

"         lime  -  .  1.40662  .         -  0.15 

Carbonate  of  lime       -         .     0.03301  |<%2£iT  {     -  0.20 

1000.00000  100000 
Very   beneficial  results  in  scrofulous  diseases   are  stated  bf 
Schweitzer  to  have  followed  from  the  internal  and  external  use  of 
the  waters  of  several  saline  springs  in  Germany,  concentrated  by 
evaporation. 

Oride  of  Oxide  of  Phosphorus.  M.  Botger  has  found  that  sulphuret  of 
Phospbo-  carbon  is  the  best  solvent  of  phosphorus,  dissolving  20  parts  at  mean 
temperature,  while  the  oxide  of  phosphorus  is  not  acted  upon  by  it 
To  separate  the  oxide  he  directs  to  put  the  impure  oxide,  obtained  by 
combustion,  into  a  large  bottle,  pour  sulphuret  of  carbon  upon  itwitk 
an  equal  measure  of  absolute  alcohol ;  cork  the  bottle,  and  shake  « 
well  tor  about  a  minute,  then  allow  the  oxide  to  subside,  and  pour  of 
the  phosphorized  liquor ;  repeat  this  operation  with  a  fresh  portK* 
of  the  sulphuret  and  alcohol,  and  then  put  the  oxide  of 
on  a  filter,  and  wash  it  first  with  alcohol,  and  then  with  wate 
this  dry  it  by  exposure  to  the  air,  or,  what  is  better,  under  a 
with  sulphuric  acid. 

The  product  resists  combustion  at  a  high  temperature  ;  with  chlo- 
rate of  potassa  it  produces  a  strongly  detonating  powder,  violent 
explosion  taking  place  even  during  mixture  without  much 
According  to  Pelouze,  the  oxide  obtained  by  combustion 
by  distillation,  is  P,-|-0,  while  that  procured  by  the  d( 
of  the  chloride  (565  note)  consists  of  P4+CM 

*  By  SchweiUtr.  t  By  Laurens. 

t  Jour,  de  Pharm.  Feb.,  1839,  and  Land,  and  Edin.  Phil.  Mag.  Jaly,  I  Sit 
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Detection  of  Nitric  Acid.    Richemont  has  proposed  a  method  of 


tion 


much  delicacy  of  detecting  nitric  acid,  depending  on  the  fact  that  a  Detect 
mixture  of  a  concentrated  solution  of  protosulphate  of  iron  and  sul-  of  nitric 
phuric  acid  becomes  rose-red  by  the  addition  of  deutoxide  of  nitro-acid' 
gen,  or  purple,  if  the  latter  is  present  in  larger  proportion ;  the 
quantity  of  the  deutoxide  required  is  so  small,  that  an  exceedingly 
minute  portion  may  be  detected  by  it.  A  6mall  quantity  of  sulphuric 
acid  is  added  to  the  solution  to  be  examined,  the  latter  being  equal 
to  three  fourths  of  the  bulk  of  the  former.  When  the  mixture  has 
cooled,  drop  in  n  concentrated  solution  of  protosulphate  of  iron, 
which,  if  any  nitric  acid  is  present,  decomposes  it,  causing  the  evo- 
lution of  nitric  oxide,  which  produces  the  rose-red  or  purple  tint. 
This  mode  of  operating  detects  one  part  of  nitric  acid  in  24.000  of 
water.* 

Detection  of  Nitrogen.  Mix  the  gas  under  examination  with  Detection 
from  3  to  6  times  its  volume  of  a  mixture  of  oxygen  and  hydrogen  of  nilroKen 
(in  equal  vols.),  and  detonate  the  whole  in  a  eudiometer  by  the  elec- 
tric spark.  Mix  the  fluid  that  bedews  the  eudiometer  after  the 
explosion  with  sulphuric  acid,  to  which  a  few  drops  of  protosulphate 
of  iron  in  solution  have  been  added,  the  fluid  will  assume  the  rose- 
red  tint  if  the  minutest  portion  of  nitrogen  is  present.  It  is  of 
course  necessary  to  avoid  any  source  of  fallacy  arising  from  the  pre- 
sence of  atmospheric  air  in  the  oxygen  and  hydrogen  employed. t 

Indelible  Ink.  A  solution  of  the  gluten  of  wheat  in  pyroligneous  Traill's  in 
acid,  has  been  recommended  by  Traill,  as  an  indelible  ink.  He  di-d* 
reel*  the  gluten  to  be  separated  from  the  starch  as  completely  as  pos- 
sible, and  when  recent  to  be  dissolved  in  the  acid  with  the  aid  of 
heat.  This  forms  a  saponaceous  fluid  which  is  to  be  tempered  with 
water  until  the  acid  has  the  usual  strength  of  vinegar.  Each  ounce 
of  the  fluid  is  then  to  be  ground  with  from  8  to  10  grains  of  the  best 
lamp-black,  and  1  j  gr.  of  indigo. X 

Salts  of  Baryta  and  Struntia.    According  to  Smith  these  salts  selta  of 
are  distinguished  by  the  action  of  chromate  of  potassa  and  acetic  baryta  a 
acid.    It  is  only  necessary  to  add  to  a  solution  of  the  salt,  a  solution ,,l,OQlu- 
of  chromate  of  potassa,  which,  if  baryta  be  present,  will  produce  a 
light  yellow  precipitate  insoluble  in  acetic  acid.    This  reagent  will 
also  serve  to  distinguish  baryta  from  lime.y 

Ethyle.  When  small  pieces  of  potassium  are  placed  in  a  glass  Ethyle. 
tube  3  to  5  lines  wide,  containing  chloride  of  ethyle,  a  powerful  ac- 
tion ensues,  and  the  metal  becomes  covered  with  a  white  crust, 
which  should  be  broken  up  so  as  to  cause  a  fresh  metallic  surface  to 
be  exposed  to  the  action  of  the  fluid.  The  mixture  soon  begins  to 
boil,  and  chloride  of  ethyle  distils  over.  A  tube  bent  at  right  angles 
should  be  fixed  in  the  mouth  of  the  large  one  to  connect  it  with  a 
receiver  kept  cool  by  a  freezing  mixture.  If  sufficient  chloride  of 
ethyle  is  present,  all  the  potassium  is  converted  into  the  white  crust, 
which  is  dissolved  by  water  with  the  disengagement  of  hydrogen 


..  *  Land,  and  Edin.  Phil.  Mag.  xin  393.  t  Richemont,  Ibid, 

t  Edin.  PhUot.  Jour.  xrv.  218- 

f  J.  L.  Smith,  in  itrn^r.  Jour,  xxrri.  183.  See  also  a  method  by  Rose,  in  Land, 
and  Edin.  Phil.  Mag.  Jan.,  1830. 


Digitized  by  Google 


510 


Addenda. 


Addend*,  gas.  On  agitating  the  watery  solution  with  ether  and  decanting  the 
ethereal  solution,  a  volatile  oily  fluid  is  obtained  by  evaporating  io 
vacuo  at  a  low  temperature.    This  fluid  burns  vividly,  has  a  peculiar 

odour,  and  very  acrid  taste. 

The  white  powilnr  <*on«iMs  nf  C  H-     From  tho<e  «»Tr*»r'rT»<,f,«« 

L6  wig  concludes,  that  by  the  action  of  potassium  on  chloride  of  eihyle. 
chloride  and  ethylide  of  potassium  are  formed,  the  latter  combination 
being  decomposed  by  the  action  of  water,  setting  free  the  ethyle. 
either  pure  or  as  a  hydrate.* 
Diiastase.  Diastase,  is  the  name  given  to  a  substance  extracted  from  malted 
barley,  and  which  may  be  applied  to  important  purposes  in  domestic 
economy.  It  is  obtained  by  macerating  the  ground  mall  in  cold  water 
for  some  time.  It  is  then  pressed  and  the  liquid  filtered,  aed 
heated  to  158°.  The  coagulated  portion  is  separated  and  the 
liquid  being  again  filtered  is  mixed  with  a  sufficient  quantity  of  il- 
cohol  to  throw  down  the  diastase,  the  diastase  is  again  dissolved  m 
water  und  thrown  down  by  alcohol,  and  this  is  to  be  repeated  several 
times. 

Diastase  is  solid,  white,  insoluble  in  water,  but  soluble  in  dilute 
alcohol.  Its  solution  separates  amidin  from  all  starchy  substances 
containing  it,  hence  its  numc.t  It  exists  in  the  seeds  of  mailed 
barley,  oats  and  wheat.  One  part  is  sufficient  to  render  soluble  the 
interior  portion  of  two  thousand  parts  of  starch,  and  to  convert  it  into 
6Ugar. 

To  prepare  it  upon  a  large  scale,  S50  lbs.  of  water  are  heated  to  SC. 
10  parts  of  ground  malt  are  then  ndded  and  the  heat  raised  to  140", 
220  lbs.  of  flour  are  then  added  and  the  whole  well  mixed.  When 
the  temperature  has  risen  to  1*5$*  we  should  endeavour  to  keep  it 
steady  at  that  point,  or  at  least  not  to  allow  it  to  cool  below  lSb?, 
nor  to  rise  above  167°.  In  twenty  minutes  the  liquid  becomes  more 
transparent,  and  from  being  viscid  and  thready  at  first,  it  becomes 
almost  as  fluid  as  water.  When  this  happens  the  tempera  tare 
should  be  suddenly  raised  to  212°.  The  whole  is  then  left  at  rest, 
the  clear  portion  drawn  off,  filtered  and  evaporated  by  means  oi 
steam  at  230°,  the  scum  being  removed.  When  sufficiently  concen- 
trated, it  is  poured  into  a  receiver  of  tin  plate  or  wood,  and  on  cod- 
ing it  coagulates  into  an  opaque  jelly. 

While  hot,  if  it  be  mixed  with  yeast  and  kneaded  into  the  dough  ; 
it  serves  well  lor  the  preparation  of  bread. 

If  spread  out  in  thin  layers  and  dried  in  the  air,  or  bv  a  stove,  w* 
obtain  dextrine,  which  being  reduced  to  powder,  may  be  introduced 
into  all  kinds  of  pastries,  chocolate,  bread,  Sect 
Dex.  Drzfrine  dissolved  in  diluted  alcohol  has  been  lately  recommended 

ns  a  temporary  varnish  for  oi)  paintings,  preventing  the  itnbibitioo  of 
colours,  even  when  employed  a  few  days  after  the  finishing  of  the 
picture.  Applied  with  a  soft  brush,  it  gives  a  clearness  like  a  light 
varnish,  which  can  he  removed  by  a  moist  sponge,  when,  after  ilet 
months,  common  varnish  may  be  applied  with  its  ordinary  efiect. 
The  same  solution  serves  as  a  perfect  varnish  for  water  colours,  and 


*  Po?gendorfl,  Ann.  46,  p.  347,  sad  Land-  and  Edin.  PhU.  Ma#.  July,  ISJS. 
t  From  dttairjfit,  to  teparate.  X  T.  Org.  Bod.  €*». 
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for  fixing  pencil  and  crayon  drawings.  The  solution  of  dextrine,  in 
about  an  equal  portion  of  warm  water,  furnishes  a  paste  which  re- 
main* liquid  and  possesses  great  energy.  It  may  be  advantageously 
used  as  a  substitute  for  the  greater  number  of  common  pastes.* 

Nature  of  Ferment,  or  Yeast.  The  following  results  have  been 
giTen  by  M.  Cagnard-Latour.t  Yeast  is  a  mass  of  small  globular  foment,0  or 
bodies  capable  of  self-reproduction,  and  of  course  oxygenized,  and  yeast, 
not  an  inert  or  purely  chemical  substance.  These  bodies  appear  to 
belong  to  the  vegetable  kingdon,  and  are  generated  in  two  different 
modes.  They  appear  to  act  upon  a  solution  of  sugar  as  if  they  were 
tlive,  whence  it  may  be  inferred,  that  it  is  in  all  probability  by  some 
effect  of  their  vegetation  that  they  disengage  carbonic  acid  from  this 
solution  and  thus  convert  it  into  a  spirituous  liquor.  *»  ' 

In  a  valuable  memoir  by  T.  A.  Quevenne,*  the  author  arrives  at 
the  following  conclusions  : — 1st.  Yeast  is  a  substance  which  con- 
stantly presents  the  appearance  of  little  globules  of  nearly  uniform 
figures.  2d.  These  globules  appear  to  be  always  of  the  same  nature, 
whatever  their  origin.  3d.  It  is  the  insoluble  constituent  part  of 
these  globules  which  is  apt  to  produce  fermentation,  and  not  the  ex- 
tractive matters  which  accompany  it.  4th.  The  globules  of  yeast 
can  effect  the  decomposition  of  sugar  not  only  at  a  temperature  from 
10°  to  30°  or  40°  Cent.  (50°  to  86°  or  104°  F.),  but  even  at  the  heat 
of  boiling  water;  but,  with  this  difference,  that  at  a  temperature  in- 
ferior to  50°  they  transform  the  su;jar  into  alcohol  and  carbonic  acid, 
while  above  50°  (=  122°  F.),  alcohol  appears  not  to  be  formed  ;  the 
only  gas  obtained  in  either  case  is  carbonic  acid.  5th.  Yeast,  du- 
ring the  alcoholization  of  sugar,  undergoes  a  thorough  modification. 
It  loses  all  its  nitrogen,  which  goes  to  form  ammonia,  by  which 
means  its  fermentative  power  is  completely  exhausted.  6th.  The 
globular  aspect  of  yeast,  and  its  principal  chemical  properties,  are 
sufficient  to  induce  us  to  regard  it  as  an  organic  substance  of  new 
formation  ;  and  hence  fermentation  ought  not  to  be  considered 
merely  as  a  decomposition,  but  simply  as  a  modification  which  gives 
birth  at  one  and  the  same  time  to  products  both  organic  and  inorganic. 
7th.  The  circumstances  under  which  fermentation  takes  place,  and 
the  phenomena  which  accompany  it,  and  the  influence  which  a  great 
number  of  bodies  have  over  the  progress  of  the  operation,  are  of  a 
nature  to  induce  the  belief  that  it  is  actually  owing  to  a  sort  of  vege- 
tation, but  this  proposition  requires  additional  p>oof.$ 

Respiration  of  Plants.  Edwards  and  Colin  have  instituted  expe-^  .  ^. 
riments  upon  the  respiration  of  plants  from  which  they  have  drawn  0f  plants, 
the  following  results  : — 1st,  that  water  is  decomposed  ;  2d,  that  the 
oxygen  of  the  decomposed  portion,  unites  with  the  carbon  of  the  seed, 
and  forms  carbonic  acid  gas  ;  3d,  that  this  carbonic  acid  disengages 
itself  from  the  seed,  in  whole  or  in  part ;  and  4th,  the  other  portion 
of  the  decomposed  water,  the  hydrogen,  is  absorbed  by  the  seed,  in 
whole  or  in  part.  They  also  infer  from  their  experiments  that  re- 
spiration is  not,  as  it  has  been  hitherto  considered,  solely  a  function 
of  excretion.il 

 .  —  . 

*  Jour.  Franklin  Just.  xxiv.  114.  t  Comptes  rendu*  dc  I'JwitU.,  1837,  906. 

t  Jour,  dc  Pharm.  Juilliet,  1818.  $  See  Jour.  Franklin  Initit.  xxiii.  119. 

||  Ann.  de$.  Set.  Nat.  Dec.,  1838,  and  Edin.  Philot.  Jour.  July,  1839. 
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New  com- 
pound of 
bicyanide 
with  bioox 
ide  of  mut 
cury. 


Preserva- 
tion of  po- 
tassium. 


Emulsin. 


New  compound  of  Bicyanide  with  Binoxide  of  Mercwry.  Wnes 
dilute  hydrocyanic  acid  is  digested  on  red  oxide  of  mercury,  io  ex- 
cess, a  white  nearly  insoluble  compound  is  formed,  which  may  be 
separated  from  any  soluble  bicyanide  which  may  be  present  in  the 
supernatant  liquid  by  collecting  it  on  a  filter.  Boiling  water  dis- 
solves the  new  compound,  and  leaves  the  excess  of  oxide  of  mercury. 
On  cooling,  the  salt  is,  in  a  great  measure,  deposited  on  the  aides  and 
bottom  of  the  vessel  in  minute,  pure,  white,  transparent,  prismatic 
needles.  This  salt  is  anhydrous,  its  solution  has  an  alkaline  reac- 
tion, and  it  consists  of  equal  atoms  of  the  two  mercurial  compounds, 
or  it  is  (HyCy9-f-HyOa).  When  heated  in  a  tube,  it  decomposes 
with  a  alight  detonation,  giving  off*  carbonic  acid,  nitrogen,  cya- 
nogen, and  metallic  mercury,  leaving  a  black  residue  (para-cyam 
gen.)  Neutralized  by  nitric  acid,  it  gives  a  beautiful  salt  in  long, 
delicate,  quadrangular  prisms,  which  are  represented  by  HyCyrr 
( Hy( X-HNOj),  &nd  are  very  soluble  in  water.  It  gives  also  vrits 
acetic  acid,  a  crystalline  compound,  in 'which  the  quantity  of  acid 
appears  to  exist  in  a  still  smaller  proportion.    With  acid  nitrate  of 

silver,  it  gives  Wohlers  salt  (HgCy3-{-AgN-}-4H),  nitrate  of  mercu- 
ry remaining  in  solution.  With  neutral  nitrate  of  silver  and  vari- 
ous other  salts,  it  gives  crystalline  compounds.* 

Preservation  of  Potassium.  Dr  Gale  has  stated  that  the  oil  of 
copaiva  contains  oxygen,  which  renders  it  liable  to  convert  potassium 
into  potassa, forming  with  it  a  peculiar  species  of  soap;  from  ex- 
periments made  upon  several  specimens  of  the  balsam,  the  oil  ob- 
tained from  them  afforded  similar  results,  and  he  is  of  opinion  that 
no  substance  hitherto  used  will  supply  the  place  of  naphtha.t 

Emulsin.  The  following  process  has  been  employed  for  obtain- 
ing emulsin,  by  Thomson  and  Richardson.  Sweet  almonds  wers 
triturated  in  a  mortar  and  small  portions  of  water  gradually  added 
until  a  milky  fluid  was  obtained.  This  fluid  was  mixed  with  four 
times  its  vol.  of  ether  and  frequently  agitated  so  as  to  effect  an  in- 
timate mixture.  A  clear  fluid  gradually  separated  at  the  bottom  of 
the  stoppered  bottle  in  which  the  experiment  was  made,  which  ia 
the  course  of  three  weeks  was  drawn  off  by  means  of  a  syphon.  Tas 
fluid  was  filtered,  and  to  one  half  of  the  clear  solution  a  large  quan- 
tity of  alcohol  was  added  ;  a  copious  precipitation  of  white  flocks 
ensued  ;  these  were  emulsin.  Washed  with  alcohol,  and  dried  over 
sulphuric  acid  in  the  vacuum  of  an  air  pump,  it  was  obtained  in  the 
state  of  a  while  powder,  without  taste  or  smell,  soluble  in  water,  in- 
soluble in  alcohol  and  ether.  Its  analysis  gave  the  relation  of  the 
carbon  and  nitrogen  as  6CO, :  IN  or  3C:  IN.  When  boiled  wiia 
baryta,  ammonia  was  disengaged,  and  from  the  experiments  it  was 
inferred  to  be  an  amide,  and  the  salt  formed  with  baryta  to  be  a  com- 
pound of  baryta  and  emulsic  acid.  The  authors  are  inclined  to  infer 
that  fibrin,  gelatin,  casein,  ice.  are  all  amides. X 


*  Jobnstoa  iu  Eighth  Report  of  British  Association,  69. 

t  Amer.  Jour.  xxi.  64.  «  Eighth  Report  of  British  Assoc.  «f. 
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Chemical  Formula.  Various  changes  have  been  made  in  chemical  formula).  Thus 
Berzelius  now  uses  HO,  KO,  FeS,  instead  of  H+O,  K+O,  Fe+S,  for  water,  potasaa,  and 
sulphuret  of  iron. 

The  formula  for  apophyllite  is  now  8  Ca  Si  +  KS*  +  16  aq ;  the  8  denoting  8  eq.  of 

CaSi,  or  silicate  of  lime,  which  are  united  with  1  eq.  of  bisilicate  of  potaasa,  and  16  of  water. 

The  system  of  Liebig  and  Poggendorff  is  based  upon  the  following  principles.  Numbers 
are  placed  below  and  to  the  right  of  the  symbols  winch  affect  those  to  which  they  are  at- 
tached. Numbers  are  placed  before  the  symbols  which  affect  all  that  follow  as  far  as  the 
next  full  stop  or  sign  of  addition.  A  figure  placed  before  a  parenthesis  applies  to  all  con- 
tained  within  it.    The  same  compound  may  therefore  be  written  in  different  waya.  Thua 

the  constitution  of  a  crystal  of  alum  is  represented  by  KS  +  A  IS,  +  24H,  or  KO, 

80»-r  A1X)3,3S03+  24  ao. 

To  distinguish  water  in  different  states  of  combination  Liebig  and  Poggendorff  propose 
to  express  water  of  crystallization  by  aq.  When  the  water  is  more  powerfully  retained 
and  the  compounds  are  more  permanent,  or  in  the  state  of  hydrates,  the  water  is  denoted  by 

an  h  attached  to  the  symbol  of  the  substance  containing  it.    Thus  A  being  the  symbol  of 

acetic  acid,  Ah  ia  the  symbol  of  the  hydrate;  MsO,Mh  +  4  aq.  denotes  the  malate  of 
magnesia  and  5  eq.  of  water,  but  distinguishes  4  of  these  as  water  of  crystallization,  while 
the  fifth  is  united  with  the  malic  acid  and  forms  with  it  a  hydrate.  The  symbol  HO  is 
used  in  doubtful  cases,  and  when  changes  effected  by  chemical  action  aro  explained.  L. 
and  T.  240. 

WollasUm  s  Synoptic  Settle  of  Chemical  Equivalents*  The  scale  consists  of  a  moveable 
slider  with  a  series  of  numbers  upon  it,  from  10  to  320,  on  each  side  of  which  and  on  the 
fixed  part  of  thu  scale,  are  set  down  the  names  of  various  chemical  substances. 

The  scale  is  founded  on  the  constancy  of  composition  in  chemical  compounds  (106) ;  the 
equivalent  power  of  the  quantities  that  enter  into  combination  (108);  and  the  proper- 
ties of  a  logometric  scale  of  numbers. 

The  numbers  are  so  arranged,  that  at  equal  intervals  they  bear  the  same  proportion  to 
each  other.  The  student  will  easily  observe  and  understand  this,  by  measuring  a  few  dis- 
tances upon  the  scale  with  a  pair  of  compasses,  or  even  a  piece  of  paper.  If  his  paper 
extend  from  10  to  20,  it  will  also  extend  from  20  to  40,  or  from  55  to  110,  or  from  160  to  320. 
Whatever  number  is  at  the  upper  edge  of  the  paper  will  be  doubled  at  the  lower.  If  any 
other  distance  be  taken,  the  same  effect  will  be  observed  If,  for  instance,  the  paper  ex- 
tends from  10  to  14,  then  any  other  two  numbers  found  at  its  upper  and  lower  edge  will 
be  in  the  same  proportion  as  these  two  numbers  10  and  14.  Thus  make  the  upper  number 
100,  and  the  lower  number  will  be  140. 

Now  supposing  that  the  paper  were  cut  of  such  a  width  that,  one  of  its  edges  being  ap- 
plied upon  the  scale  to  the  number  representing  the  equivalent  of  one  body,  the  other 
should  coincide  with  the  number  of  the  equivalent  of  a  second  body ;  then  upon  moving 
the  paper,  wherever  it  was  placed  over  the  numbers,  those  at  its  upper  and  lower  edges 
would  still  represent  the  corresponding  proportional  quantities  of  the  two  bodies  as  accu- 
rately as  at  first,  because  the  numbers  at  equal  distances  on  the  scale  are  proportional  to 
each  other.    Thus  suppose  the  upper  edge  were  made  to  coincide  with  40  and  the  lower 


♦The  paper,  by  its  author,  describing  the  scale  is  inserted  in  the  Philosophical  Transactions 
for  18t4. 
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with  78,  then  the  upper  edge  might  be  called  sulphuric  acid,  and  the  lower  baryta ,  and 
this  width  once  ascertained,  the  paper  wherever  applied  upon  the  scale,  would  shew  at  rts 
lower  edge  the  quantity  of  baryta  necessary  to  combine  with  the  quantity  of  sulphunr 
acid  indicated  by  it*  upper  edge. 

It  is  evidently  of  no  consequence  whether  the  paper  be  moved  up  and  down  orcr  ia* 
the  scale,  or  the  line  of  numbers  be  uiovcd  higher  and  lower,  to  bring  its  different  pans  to 
the  edges  of  the  paper.  And  supposing  the  piece  of  paper  just  described  to  be  pasted 
upon  tTic  side  of  the  scale,  then  by  moving  the  latter  any  of  the  numbers  might  be  made  to 
coincide  with  the  upper  ot  lower  edge  at  pleasure,  and  consequently  the  quantity  of  rai- 
phuric  acid  necessary  to  combine  with  any  quantitv  of  baryta,  and  vice  versa,  ascertain**! 
ny  mere  adjustment  and  inspection  of  the  scale  Or  if,  instead  of  referring  to  the  Kfonif 
piece  of  paper,  marks  were  to  be  made  on  the  side  of  the  scale  at  40  and  7U,  and  named 
sulphuric  acid  and  baryta,  the  same  object  would  be  attained,  and  the  same  method  of  u> 
quiry  rendered  available. 

Other  substances  are  to  be  put  down  upon  the  scale  exactly  in  the  same  manner.  The* 
tho  scale  being  adjusted  until  the  number  40  coincides  with  the  sulphuric  acid  already 
marked,  then  sulphate  of  baryta  is  to  bo  written  at  118,  and  thus  its  place  is  ascertain^ , 
nitrate  of  baryta  tit  133  ;  soda  at  32  ;  sulphate  of  soda  at  72,  and  a  similar  process  is  to  a* 
adopted  with  every  substance,  the  number  of  which  has  been  ascertained  by  experimeat. 
The  instrument,  which  in  this  state  merely  represents  the  actual  numbers  supplied  by  ex- 
periment, will  faithfully  preserve  the  proportions  thus  set  down,  whatever  the  variation  of 
the  position  of  the  slider  may  be.  It  is  therefore  competent  to  change  all  the  numerical 
expressions  to  any  degree  required,  the  knowledge  of  one  only  being  sufficient  first  by  ad- 
justment, and  then  by  inspection  to  lead  to  the  rest. 

A  few  illustrations  of  the  powers  and  uses  of  this  scale  will  bo  sufficient  to  make  t>> 
student  perfect  master  of  its  nature  and  applications.  Suppose  that  in  analysing  a  miatn! 
water,  the  sulphates  in  a  pint  of  it  have  been  decomposed  by  the  addition  ofmunatr  «4 
baryta,  and  the  resulting  sulphate  of  baryta  washed,  dried,  and  weighed  :  from  its  quantity 
may  be  deduced  the  exact  quantity  of  sulphuric  acid  previously  existing  in  the  mineral 
water.  Thus,  if  the  sulphate  of  baryta  amount  to  43.4  grains,  the  slider  is  to  be  moved 
until  that  number  is  opposite  to  sulphate  of  baryta,  and  then  at  sulphuric  acid  will  be  rouse1 
the  quantity  required,  namely  14.7  grains.  In  the  same  manner  the  scale  will  give  infor- 
mation of  the  quantity  of  any  substance  contained  in  a  given  weight  of  any  of  it*  com- 
pounds ;  these  having  previously  been  deduced  from  experiment,  and  accurately  act  down 
on  the  table  in  the  manner  just  explained. 

If  it  be  desired  to  know  how  much  of  one  substance  must  be  used  in  an  experiment  *n 
act  upon  another,  it  is  evident  that  the  equivalent  must  be  taken,  and  this  may  be  learned 
from  the  scale.  Suppose  thata  pound  or  sulphate  of  baryta  has  been  mixed  with  charcoal, 
and  well  heated,  to  convert  it  into  a  sulphuret,  and  that  by  the  addition  of  nitric  acid  rt  e 
to  be  converted  into  nitrate  of  baryta.  The  quantity  of  acid  which  will  probably  be  re- 
quired may  be  learned  by  bringing  100  to  sulphate  of  baryta,  and  then  by  looking  for  t£e 
number  opposito  nitric  acid  :  it  will  bo  found  to  be  46.  But  this  sepresents  the  quantity  of 
dry  acid  :  casting  the  eye  therefore  lower  down,  upon  liquid  nitric  acid  ol  a  specific  gravity  ef 
1 .50,  it  will  be  found  that  lil  lbs.  or  a  little  more,  is  the  equivalent  for  100  lbs.  and  coos* 
quently  that  01  hundredth  parts,  or  somewhat  above  six-tenths  of  a  pound  of  such  acta, 
will  be  sufficient  for  the  pound  of  sulphate  of  baryta  operated  with. 

If  a  certain  weight  of  carbonate  of  baryta  be  required  in  that  moist  and  finely  divided 
state,  in  which  it  is  obtained  by  precipitation,  and  in  which  it  cannot  be  weighed,* the  area 
racy  of  the  quantity  may  be  insured  by  taking  the  equivalent  of  dry  muriate,  or  nrtrats 
of  baryta,  precipitating  it  by  an  excess  of  carbonate  of  potnssa,  and  then  washing  ©d"  ins 
the  softs  which  remain  in  solution.  Suppose  100  grains  of  tho  carbonate  were  required  . 
by  bringing  that  number  to  carbonate  or  baryta,  it  will  be  found  that  the  quantity  of  dry 
muriate  necessary  will  be  105.8  parts,  and  the  quantity  of  nitrate  133.4 ;  and  if  th«  quanurt 
of  carbonate  of  potassa  necessary  for  this  purpose  be  also  required,  it  will  be  found  oppo- 
site the  name  or  that  substance  on  the  scale,  to  be  a  little  less  than  70  parts  so  that  5  or  i# 
parts  moro  will  ensure  a  satisfactory  excess. 

Tho  second  paragraph  of  VVollaston's  description  of  this  scale  may  be  transcribed,  as  t 
further  illustration  of  the  powers  of  the  instrument.  "  If,  for  instance,  the  salt  under  ex- 
amination be  the  common  blue  vitriol,  or  crystallised  sulphate  of  copper,  the  first  obrieea 
questions  are — (1)  How  much  sulphuric  acid  does  it  contain'  (V)  How  much  onoV  «f 
copper  ?  (3)  How  much  water  ?  He  [the  analytic  chemist]  may  not  be  satined  with  ib*m 
first  steps  in  the  analysis,  but  may  desire  to  know  further  the  quantities  (4 )  of  sulphur,  -5) 
of  copper,  (6^  of  oxygen,  (7)  of  hydrogen.  As  means  of  gaining  this  information,  s» 
naturally  considers  the  quantity  of  various  reagents  that  may  be  employed  for  discovering 
the  quantity  of  sulphuric  acid  (8),  how  much  baryta,  (9)  carbonate  of  baryta,  or  (10)  mtr»t# 
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of  baryta,  would  be  requisite  for  this  purpose  ?  (11)  How  much  lead  is  to  be  used  in  the 
form  of  (12)  nitrate  of  lead  ;  and  when  the  precipitate  of  (13)  sulphate  of  baryta,  or  (14) 
sulphate  of  lead  are  obtained,  it  will  be  necessary  that  he  should  also  know  the  proportion 
which  either  of  them  contains  of  dry  sulphuric  acid.  He  may  also  endeavour  to  ascertain 
the  same  point  by  means  of  H5)  the  quantity  of  pure  potaesa,  or  (1(3)  of  carbonate  of 
potassa  requisite  for  the  precipitation  of  the  copper.  He  might  also  use  (17)  zinc,  or  (18) 
iron  for  the  same  purpose,  and  he  may  wish  to  know  the  quantities  of  (19)  sulphate  of 
zinc,  or  (20)  sulphate  of  iron,  that  will  then  remain  in  the  solution." 

All  these  questions  and  points  are  answered  by  moving  the  slider  until  the  number  ex- 
pressing the  quantity  operated  with  coincides  with  sulphate  of  copper  crystallized.  5, 
Water.  Let  it  for  instance  be  100  :  this  being  brought  opposite  crystallized  sulphate  of  cop- 
per, the  information  relative  to  all  the  above  points,  except  the  sixth  and  seventh,  is  sup- 
plied by  mere  inspection.  The  sixth  may  be  supplied  by  substracting  (5)  the  quantity  of 
copper  from  (2)  the  quantity  of  oxide  of  copper,  or  by  halving  the  quantity  at  2  oxygen, 
or  taking  the  third  or  that  at  3  oxygen.  The  seventh  relates  to  tho  quantity  of  hydro- 
gen in  the  5  water  present  in  the  salt ;  this  quantity  of  hydrogen  does  not  come  with- 
in the  line  of  numbers,  but  may  easily  be  obtained  by  doubling  the  quantity  of  water, 
or  doubling  the  quantity  of  the  salt  used,  which  will  then  bring  10  hydrogen  into  the  scale, 
and  the  half  of  this  is  to  be  taken  as  the  quantity  in  5  water,  or  in  100  grains  of  the  salt. 
Putting  therefore  200  to  sulphate  ef  copper,  10  hydrogen,  is  indicated  as  17  parts  nearly, 
when  of  course  the  half  of  this,  or  84  parts  is  the  quantity  in  100  grains  of  the  crystallized 
salt  of  copper. 

Whenever  it  thus  happens  that  the  number  known  or  the  number  sought  for  is  out  of 
the  scale,  then  gome  convenient  multiplier  of  the  numbers  may  be  used.   The  most  con- 
venient method  is  to  use  the  tens  or  the  hundreds  as  units,  or  what  is  the  same  thing,  to 
consider  for  the  time  that  decimal  points  are  inserted  between  the  units  and  the  tens,  or 
between  the  tens  and  the  hundreds  of  all  the  numbers  on  the  scale.    Thus  if  it  were 
required  to  ascertain  how  much  magnesia  and  sulphuric  acid  were  contained  in  a  pound  of 
crystallized  sulphate  of  magnesia,  no  1  exists  upon  the  scale,  and  of  course  no  fractions  or 
small  parts  of  1  ;  but  imagine  decimal  points  between  the  tens  and  the  hundreds,  then  10  upon 
the  scale  becomes  one-tenth,  22  twentytwo  hundredths,  100  one,  220  two  and  two-tenths 
and  so  on.    Bringing  therefore  100  to  crystallized  sulphato  of  magnesia,  it  represents  the 
1  pound,  and  by  inspection  it  will  bo  found  that  it  contains  1G  hundredths  of  a  pound  of 
magnesia,  and  32£  hundredths  of  a  pound  of  sulphuric  acid. 

As  another  illustration  ;  suppose  that  the  quantity  of  magnesia  in  50  lbs.  of  crystallized 
Epsom  salt  were  required  ;  upon  bringing  50  opposite  the  nsme  of  the  salt,  the  quantity  of 
magnesia  will  be  found  smaller  than  any  quantity  expressed  upon  the  scale  :  but  all  that  is 
necessary  to  obtain  the  answer  is,  to  double  the  quantity  of  the  salt,  and  then  to  halve  the 
quantity  of  magnesia  indicated ;  in  which  way  it  will  be  found  that  the  50  lbs.  contain 
about  8  lbs.  of  the  oxide. 

These  Synoptic  scales  are  generally  constructed  of  paper  or  wood.  It  is  almost  impos- 
sible that  they  should  be  accurate,  because  of  the  extension  and  contraction  of  the  paper,  and 
the  facility  with  which  it  yields  to  mechanical  impressions,  and  may  be  stretched  when  in 
a  moistened  state.  These  scales  should  never  be  considered  as  accurate  when  they  first 
come  from  the  instrument-maker.  They  may  be  examined  by  a  pair  of  compasses  or  a 
a  piece  of  paper,  as  before  described  (p.  513),  to  ascertain  how  nearly,  equal  intervals  on 
the  scale  of  numbers,  accord  with  equal  proportions  between  the  numbers  at  the  extremi- 
ties of  those  intervals  and  thus  the  degree  of  error  in  them,  and  the  part  where  it  exists 
to  the  greatest  extent  may  be  observed  :  but  it  will  be  useless  to  do  so,  with  the  view  of 
finding  one  so  accurate  as  to  dispense  with  calculation  in  exact  analytical  experiments. 

Those  scales,  which  are  laid  down  directly  upon  wood,  though  not  liable  to  the  same 
sources  of  error  as  the  paper  scales,  are  still  seldom,  if  ever,  so  accurate  as  to  compete  with 
calculation. 

The  errors  just  referred  to,  relate  to  the  accuracy  of  the  scale  of  numbers,  and  its  pro- 
portional value  in  every  part.  Others  relate  to  the  imperfect  and  inaccurate  results  of  the 
experiments,  by  which  the  numbers  representing  the  equivalent  or  combining  quantities  of 
bodies  are  obtained.  If  an  inaccurate  result  be  mistaken  for  a  correct  one,  and  the  pro- 
portional number  of  a  body  be  entered  erroneously  upon  the  scale,  it  is  evident  that  all 
estimations  of  substances  including  that  body,  which  are  given  by  the  scale,  must  involve 
this  original  inaccuracy.  Whenever  therefore  a  more  accurate  determination  of  the  num- 
ber of  a  body  is  obtained  than  was  before  possessed,  its  place  on  the  scale  should  be  cor- 
rected ;  and  as  the  equivalent  numbers  of  substances,  previously  undetermined,  are  satis- 
factorily ascertained,  the  substances  themselves  should  be  put  upon  the  scale  in  their 
proper  situations,  as  before  described. 

In  consequence  of  the  unavoidable  errors  in  the  scale  of  numbers,  which,  however 
small,  still  interfere  in  the  investigation  of  complicated  cases,  and  the  determination  of 
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accurate  conclusions,  the  instrument  should  only  be  used  in  those  instances  where  accu- 
racy within  a  certain  degree  is  sufficient  for  the  purpose.  All  nicer  results  should  be 
obtained  by  calculation  from  a  tabl*  of  equivalents :  if,  for  instance,  tbe  quantity  of  sul- 

Shuric  acia  in  64.7  grains  of  sulphate  of  baryta  were  required  to  two  or  three  places  of 
ecimals,  it  would  be  better  to  take  tbe  equivalent  numbers  of  sulphate  of  baryta  and 
sulphuric  acid  from  such  a  table,  and  to  say,  as  tbe  first  number  is  to  the  second,  so  is  64.7 
to  the  quantity  of  sulphuric  acid  it  contains,  than  to  work  with  the  scale.  The  present 
determination  of  the  sulphate  of  baryta  is  118,  and  that  of  sulphuric  acid  40,  hydrofen 
being  1  or  unity,  and  as  118  is  to  40,  so  is  64.7  to  21. 938  very  nearly.  It  will  be  impossi- 
ble to  ascertain  this  last  number  accurately  on  an  ordinary  scale,  or  to  observe  how  far  it 
differs  from  22. 

There  are  numerous  tables  of  equivalents  published  in  different  chemical  works. 
Whichever  may  be  adopted  should  be  examined  from  time  to  time,  and  the  numbers  affix- 
ed to  bodies  on  it  corrected,  whenever  they  are  more  accurately  determined. 

It  has  been  shewn  by  Gay-Lussac  and  others  that  all  gases  and  all  volatile  substances 
when  in  tbe  state  of  vapour,  combine  or  act  chemically  in  volume*,  which  have  very  simple 
relations  to  each  other.  These  volumes  once  ascertained,  may  be  considered  in  the  rela- 
tion of  equivalents,  and  their  proportions  ate  so  simple,  as  to  be  remembered  without  the 
least  difficulty  :  it  is  therefore  highly  advantageous  in  all  tables  of  chemical  equivalents,  to 
place  small  diagrams  by  the  sides  of  the  substances  and  their  numbers,  which  may  represent 
the  volumes  of  the  equivalents  when  brought  into  the  state  of  gas  or  vapour.  For  it  re- 
quires no  great  power  of  discernment  to  perceive  that,  if  bodies  combine  in  definite 
weights,  and  also  in  simple  ratios  of  volumes,  these  volumes  so  combining  must  contain 
the  weights  previously  found  to  be  definite  :  for  whether  two  substances  which  combine 
to  form  a  third,  are  observed  * 


by  weight  or  volume,  still  they  combine  only  in  one  pro- 
portion. 

So  arranged,  the  table  will  have  an  appearance  of  the  following  kind  : 


Hydrogen 
Oxygen  - 
Chlorine 
Iodine 
Water  - 
Muriatic  acid 
Hydriodic  acid, 


and  will  be  found  very  useful  when 


1 

8 
36 
125 

9 
37 


17 


□ 
D 

□ 
□ 
□ 

m 
m 

aporous  substances.  Tbe 


referred  to  for  gaseous  or 
proportions  of  these  volumes  are  much  more  easily  remembered  'than  the  proportions  of 
their  equivalent  numbers ;  which,  added  to  the  facility  with  which  the  bulk  of  gases  or 
vapours  are  ascertained,  may  often  properly  induce  the  chemist  to  dispense  with  the  deter- 
mination of  weights,  and  work  with  volumes  only/ 


*  Faraday's  Chemical  Manipulation. 
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TABLE  I. 

The  following  are  the  results  obtained  by  a  commission  appointed  by  the 
Parisian  Academy  of  Sciences  to  examine  the  elastic  force  of  vapour.9  They  were 
obtained  by  experiment  up  to  a  pressure  of  25  atmospheres,  and  at  higher  pressures 
by  calculation. 


Elasticity  of  i)m  Tap. 
taking  amewpberic  . 
prass.  as  unity. 

Temperature  accord- 
ing to  Fahr. 

Elasticity  of  the  rap. 
taking  atmospheric 
pram,  as  unity. 

Temperature  accord- 
ing to  Pahx. 

1 

212° 

13 

380.60° 

233.96 

14 

386.94 

250.52 

15 

392.86 

f 

42fi3.84 

16 

398.48 

275.18 

17 

403.82 

f 

285.08 

18 

408.92 

*M  72 

19 

413.78 

? 

30*1.28 

20 

418.46 

»  7.5 

21 

422.96 

:ii4  24 

22 

427.28 

23 

431  42 

?  • 

:iJi;.2G 

24 

435.56 

331.70 

25 

439.34 

? 

330  86 

30 

457.16 

341.78 

35 

472.73 

9 

350.78 

40 

486.59 

10 

358.88 

45 

491.14 

11 

366.85 

50 

510.60 

12 

374.00 

*  Brandt's  Jour.  N.  S.  Tiii ;  191. 
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Table  of  the  Elastic  Force  of  Aqueous  Vapour  at  different  Temperatures, 

expressed  in  Inches  of  Mercury. 


Force  of  Vapour. 

TEMP. 

r.b. 

Dtltun 

Or*. 

32c 

0200 

0  200 

.33 

0  207 

.14 

o°i4 

35 

0221 

Jo 

0229 

<  >  — 

37 

0237 

.38 

If.**  J 

39 

0  9M 

A  /\ 

40 

0  2*13 

0550 

A  \ 

41 

0  273 

42 

0  2HJ 

43 

A  A 

44 

0.305 

A  ST 

45 

0  316 

AtS 

4b 

0  328 

47 

o  :tto 

AO 

48 

U.oOl 

0  3i"EI 

50 

0  375 

0.360 

51 

CO 

52 

0  401 

S3 

n  4i 

54 

0  425) 

55 

0  443 

0.416 

56 

0  458 

57 

0  474 

58 

n  i«»o 

59 

0  507 

60 

0  HQ  I 

0.516 

01 

0  542 

04 

O.friO 

0-i 

0.578 

64 

0.597 

65 

0.616 

0.(530 

66 

0.635 

67 

0.655 

68 

0.676 

69 

0.698 

0.726 

70 

0.721 

71 

0.745 

72 

0.770 

73 

0.790 

74 

0.823 

75 

0.851 

0.860 

76 

0.880 

77 

0.910 

78 

0.940 

TKMr\ 

r  «Ui 

Force  of  Vapour. 

TEMP. 
F»h. 

Force  of 

Da  lion. 

On 

Dmlton. 

79° 

0.971 

126° 

a89 

80 

1.00 

1.010 

127 

4.00 

81 

1.04 

128 

4.11 

82 

1.07 

129 

1.22 

83 

1.10 

130 

1.34 

84 

1.14 

131 

4.47 

85 

1.17 

1.170 

132 

4.60 

86 

151 

1313 

1.73 

87 

1.24 

134 

4.86 

88 

1.28 

135 

5.00 

89 

1-32 

136 

5. 1  1 

90 

1.36 

1.360 

137 

5.29 

91 

1.40 

138 

5.44 

92 

1.44 

139 

5.59 

93 

1.48 

140 

5.74 

94 

1.53 

141 

5.90 

95 

1.58 

1.640 

•  142 

6.05 

96 

1.63 

143 

651 

97 

1.68 

144 

a37 

98 

1.74 

145 

053 

99 

1.80 

146 

6.70 

100 

1.86 

1.860 

147 

6.87 

101 

1.92 

148 

7.05 

102 

1.98 

149 

7.23 

103 

2,04 

150 

7.42 

104 

2.11 

151 

7.61 

105 

2.18 

2,100 

152 

7.81 

100 

2.25 

153 

8.01 

107 

2J32 

154 

850 

108 

2*39 

155 

8.40 

109 

2,46 

156 

8.00 

110 

2.53 

2.456 

157 

aei 

111 

2.60 

158 

9.02 

112 

238 

159 

9.24 

113 

2.76 

160 

9.46 

114 

2.84 

161 

9.68 

115 

2.92 

2.820 

162 

9.91 

116 

aoo 

163 

10.15 

117 

ao8 

164 

10.41 

118 

3.16 

165 

10.68 

119 

3.25 

166 

10.96 

120 

a33 

2.300 

107 

1155 

121 

3.42 

168 

11.54 

122 

3.50 

169 

11.83 

123 

3.59 

170 

12.13 

124 

3.69 

171 

12,43 

125 

3.79 

3.830 

172 

12,73 

Vn. 


4-366 


5.070 


5.770 


6.600 


7.530 


8J50O 


9.000 


10.800 


12.050 
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TABLE  II.— Continued. 


TJ"  MP. 

r»h. 

Force  of  Vapour. 

TrMP- 

Tah. 

Force  of  Vapour. 

ttmp. 

Fah. 

Force  of  Vapour. 

vn. 

Dalton.  | 

Ur». 

Dal  ton. 

173 

1.3.02 

224° 

37.53 

275° 

83.13 

93.480 

1/4 

lasa 

225 

38J20 

39.110 

276 

84-35 

175 

laaa 

1&550 

226 

38,89 

40.100 

277 

lff.800 

1&92 

227 

39-59 

278 

Hu50 

177 

228 

40-30 

279 

8/. (21 

101.600 

1/8 

14.52 

229 

41.02 

280 

88.75 

101.900 

179 

14.8:1 

230 

41.75 

4aioo 

281 

89.87 

1W.400 

1  a->/"i 

IK) 

15.15 

15,100 

231 

42,49 

282 

90.!  H» 

it 

181 

15-50 

232 

4324 

283 

92,1 1 

107.700 

182 

2:13 

44.00 

284 

90L23 

183 

uim 

234 

44.78 

4(5.800 

285 

94-35 

112,200 

L8 1 

10,61 

2:15 

45.58 

47.220 

286 

95.48 

•  off 

IK) 

17.00 

1O900 

236 

4639 

287 

96.64 

114.800 

In- 

17.40 

237 

4750 

288 

97.80 

187 

17.80 

238 

48.02 

50.300 

289 

9&96 

118.200 

188 

18.20 

239 

48.84 

290 

100.12 

120.150 

189 

1&60 

940 

49.67 

51.700 

991 

101.28 

l!K) 

19.00 

19.000 

241 

50.50 

292 

102.45 

123.100 

■  ill 

191 

19.42 

242 

51-34 

53.600 

293 

10.3.63 

1«.I2 

19.86 

243 

52,18 

294 

104.80 

126.700 

I'M 

20.32 

244 

53.03 

295 

105JV7 

129.000 

IAJ 

194 

20.77 

245 

53£8 

56-340 

296 

107.14 

195 

21.22 

21.100 

246 

:V4.«i.- 

297 

108-31 

133-900 

196 

21.68 

247 

55,54 

298 

109.48 

137.400 

22,1,1 

248 

56.42 

60.400 

299 

1 in.64 

198 

22jJ> 

249 

57.31 

300 

1 1  1.81 

139.700 

3946 

250 

58.21 

6 1.900 

:{01 

I19£8 

200 

2.164 

23.000 

251 

59.12 

63.500 

302 

1 1 1.15 

144-300 

201 

24.12 

252 

60.05 

303 

1 1  SbSO 

147.700 

202 

24.61 

253 

•  il.OO 

.304 

1 16.50 

20H 

25.10 

254 

6U99 

(5(5.700 

mm 

305 

I17.<  B 

150.560 

204 

25.»il 

255 

62,85 

(57.25 

30(» 

118,86 

154.400 

rt/\ff 

205 

2*113 

25.900 

256 

63.76 

307 

120.03 

206 

2*11  a; 

257 

6189 

09.800 

.308 

121.20 

157.700 

207 

27.20 

258 

65.78 

309 

122-37 

20H 

27.74 

259 

66L75 

310 

123.53 

161.300 

201  i 

28.29 

260 

67.?:  { 

72-300 

311 

124.(59 

1(54.800 

210 

28.84 

28.880 

261 

68,72 

312 

125.85 

167.000 

211 

2(22 

313 

127  00 

1     .  i  •  V7V/ 

212 

30.00 

30.000 

2(21 

70.73 

314 

128.15 

21  a 

jio.oo 

961 

71.71 

77.900 

315 

129.29 

214 

.11.21 

265 

72.76 

78.040 

316 

130.43 

215 

3L83 

966 

73.77 

317 

131.57 

216 

32,46 

33.400 

267 

74.7! » 

81.900 

318 

132.72 

217 

33.09 

268 

75.80 

3 19 

133.86 

218 

33.72 

269 

7(182 

84.900 

320 

135.00 

219 

34.35 

270 

77.85 

86-300 

321 

136.14 

220 

34.99 

35.540 

I  271 

78,89 

88.000 

.322 

137.28 

221 

35.63 

36.700 

272 

79.94 

323 

138,42 

222 

36.25 

273 

80.96 

91.200 

324 

139.56 

223 

36.88 

274 

82,01 

325 

140.70 

520 
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TABLE  III. 


Dr  Ure's  Table,  showing  the  Elastic  Force  of  the  Vapours  of  Alcohol  and 
Ether  at  different  Temperature*,  expressed  in  Inches  of  Mercury. 


Elher. 

Alcohol  sp.  gr.  0  813. 

Alcohol  ■□ 

bt  0.613. 

T>rap 

V'orcj  nf  Viniitir 

Totnp  • 

Furct  oi  Vapour. 

ill 

Tunp. 

Fort,  of  Vtyo^f. 

fi  Of) 

0  40 

IftO  •> 

41mJU 

44 

RIO 

40 

0  56 

1i  n'  O 

en  in 

oU.lU 

14 

10  'JO 

0  70 

4UV 

ro  oft 

10  00 

086 

< "i  i  in 

74 

lii  10 

R5 

1  00 

-JI0 

1>O.UU 

*  1 

90  OO 

AO 

1  23 

Of  J 

214 

<>•'.•  >" 

in 

OA  70 

OK 

1  49 

2lo 

to  on 

104 

*tn  oo 

70 

1  76 

.£20 

/OwdU 

ins 

'to  00 

•Jv.W 

75 

2.10 

- '-'•> 

O/^XJ 

1  10 

80 

2.45 

(MA 

ui  in 

11=; 

35  <  >o 

85 

OOO 

If/.IU 

i  -^i/ 

>  47 

90 

3  40 

Zi1> 

ino  itn 

125 

4**  '24 

95 

3  'K) 

in.  on 

rio 

47  14 

100 

1  \J\J 

4  VI 

1  1  1  Ol 

">  1  'til 

IAS 

5  °0 

.11 

1 1  o  on 

140 

1  10 

1  IU 

U»VAJ 

247 

100  in 
I2BUU 

145 

62.10 

115 

7.10 

248 

150 

67.60 

120 

8.10 

249.7 

131.4U 

155 

73.60 

135 

9.2.1 

250 

i « on 

160 

80.30 

130 

10.60 

252 

138.60 

165 

86.40 

135 

12.15 

254.3 

14a70 

J  70 

92.80 

140 

13.90 

258.6 

151.60 

175 

!»9.I0 

145 

15.95 

260 

155J20 

180 

108..30 

1.50 

18.00 

262 

16L40 

185 

110.10 

155 

2o;to 

264 

166.10 

190 

124.80 

160 

23.60 

195 

1*3.70 

165 

25.40 

200 

1  l'2.80 

170 

28.:tt> 

205 

151*30 

173 

30.00 

210 

166.00 

178.3 

.33.50 

180 

34.73 

182.3 

36.40 

1 

185.3 

39.90 

190 

43.20 
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TABLE  IV. 


Dr  lire's  Table  of  the  Quantity  of  Oil  of  Vitriol,  of  sp.  gr.  1.8485,  and 
of  Anhydrous  Acid,  in  100  Parte  of  dilute  Sulphuric  Acid,  at  different  Densities. 


Sn  fir 

op.  KJf. 

Drv 
ury. 

Tirv 

1  Liauid 

1 

*in  fir 
op.  \*T. 

ury. 

100 

1.8485 

81.54 

66 

1.5503 

53.8*2 

32 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90  1 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09, 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1JB410 

78.28 

62 

1.5066 

50.55 

28 

1.203*2 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21/20 

&3 

1.8*290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20/38 

98 

1.8*233 

75.0*2 

58 

1.4<J60 

47.29 

21 

1.1706 

19.57 

91 

1.8179 

74.20 

57 

1.4560 

46.48 

23 

1.16-26 

18,75 

90 

1.8115 

7339 

56 

1.4460 

45.66 

2*2 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.796*2 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

1631 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.1*2 

52 

1.4073 

42.40 

18 

1.1*246 

14.68 

85 

1.7673 

(J9/U 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49  1 

50 

1.3884 

40.77 

16 

1.1090 

13.05 

83 

1.74<^ 

67.(i8 

49 

1.3788 

39.95  ' 

15 

1.1019 

12.23 

82 

1.7300 

£ 

1.3697 

39.14  i 

14 

1.0953 

11.41 

81 

1.7245 

(>(>.05 

47 

1.3612 

.18/12 

13 

1.0t^7 

i  r*r\ 

10.60 

80 

1.71*20 

65/23 

46 

1.3.530 

.37/51 

12 

1.0809 

9.78 

79 

i.t$m 

64.42 

45 

1.3440 

3*>,<>9 

11 

1.0743 

8.97 

78 

l.<>870 

6&<>0 

44 

L3345 

.35.88  | 

10 

l.(X^2 

8.15 

// 

l.hT.lO 

62.78 

43 

1. 13255 

35.06 

9 

1.0614 

7/14 

76 

1.6630 

6L97  1 

4*2 

1.3165 

34.25  1 

8 

1.0544 

6.52 

75 

1.6520 

61.15  ! 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34! 

40 

1.2999 

32.61 

« 

1.0405 

4.89 

73 

1.63-21 

59.52 

39 

1.2913 

31.80 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1.28*26 

'*0.98 

4 

1.0268 

3/26 

71 

1.6090 

57.89 

87 

1.2740 

,'10.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

90 

1/2654 

29/15 

o 

1.0140 

1.63 

69 

1.5868 

56.26 

85 

1/2572 

28.54 

1 

1.U074 

0.8154 

68 

1.57<i0 

55.45 

:w 

1/2490 

27.72 

67 

1.5618 

51.t>i 

33 

1.2409 

26.91 

I 

I 

66 
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TABLE  V. 


Table  of  Muriatic  (Hydrochloric)  Acid,  by  Dr  Ure* 


Add  M 

iwtnioa 

SprcJc 

Cbloriot 

Muriatic 

Aeui  f< 
laoin  IUU 

100 

1.2000 

39.675 
39.278 

40.777 

1  66 

99 

1.1982 

40.309 

65 

98 

1.196438.882!39.961 

64 

97 

1.194638.485  39.554 

63 

96 

1.1928 38.08939.140 
1.191037.692.18.738 

62 

95 

bl 

94 

1.1893|37590  38.330 

60 

93 

1.1875 

30i»00 

37.923 

59 

92 

1.1857 

36.503 

:*7.510 

58 

91 

1.1840130.107 

37.108, 

57 

90 

1.182235.707 

:J6.700 

So 

89 

1.180235^10 

:16592 

55 

88 

1.178234.913 

.15.884 

*■>  j 

54 

87 

1.170234.517 

^15.470 

53 

80 

1.174134.121 

35.008 

52 

85 

1,172133.724 

34.600 

51 

84 

1.1701 

.SL328 

34.252! 

50 

83 

1.168  132^*31 

p!845| 

49 

82 

1.1661 32.535 

.3:1.437 

48 

81 

1.164 132.196 

.33.029 

47 

Lin 

ri) 

1.162031.746 

.32.621 

All 

79 

i.i599'3i.343 

.32513 

45 

78 

1.1578  ;ioi*4o 

31.805 

44 

77 

1.1557 ,30.550 131.398 

43 

76 

1. 1530*30. 1£3:K).990 

42 

75 

L151529.757t.30.582 

41 

74 

1.149429.301  LlO.174 

40 

73 

1.147328.964 

29.767 

39 

72 

1.145228.567 

29.J159 

38 

71 

1.1431  28.171  28.951 

37 

70 

1.141027.772  28.544 

36 

69 

1.138927.370 

28.130 

35 

68 

1.130920.979  27.728 
1.1349(26.583  27.32l| 

34  ! 

67 

33  1 

Stanly, 


Murialn 
Qu. 


1.132826.18620.913 
1.1308  25.789f26J»05 
1.1287 125.392l20.098 
1.126724.99025.690 
1.1247|24.59925.282 
1.1286  2450224.874 
1.1200 2&805  24.400 
1.1 185  23.408  24.058 

I.no4|23.oi223.050 

1.114322.615*23542 
1.112322.21822.834 
1.1102121.82222.426 
1.1082^21.4-2522.019 
1.1061  21.028  21.611 
1.104120.6:1221.20:3 
1.1020i20.235  20.790 
1.1000 19.83720;i»8 
1.0980!  19.440|  19.980 
1.0900  19.044  19.572 
1.0939jl8.047  19.165! 
1.0919jl8.250  18.757 
1.0899 17.854  18-349| 
1.087917.457  17.941 
1.085917.06017.5:34 
1.0838  10.604 
1.0818  10507 
1.071*8  15.870 
1.0778  15.474'15IK)2 
1.0758  15.077;  15.494 
1.07:18  14.6801, S.087 
1.071814.284  14.079 
1.0697  K1887  14.271 
l.()077  13.490  13.803 


m  In  I  h* 


17.120 
1&718 
1(1.310 


32 
31 
30 
29 
28 
27 
20 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


QSsvUf. 


1.0037  12.G07  i:t049 
1.0017  1230<M2j641 
1.0597  11J*0:112j£C' 
1.0577  11  -50<ilU«2> 
1.0557  11.10911 
1.0537  10.712 1L0I 
1.0517 10-31O  IQj 
1.0497  9.919  iai! 
9.5*>*  9.7; 
9.120  9-371* 
8.72!*  &971 
8J132  8J*« 


1.0477 
1.0457 
1.04:17 
1.0417 
1.0397 
1.0377 
1.0K57 
1.03I17 
1.0318i 
1.0298 
1.027!* 
1.0259 
'1.0239 
1.0220 
1.0200 
1.0180 
1.0100 
1.0140 
1.0120! 
1.0100 
1.0080 
14000 
1.0040 
1.0020 


7.935  8.155; 

7.53K  7.747] 

7.141'  7,340; 

6.745}  mta 

♦1348  1x524 

5l9S1:  til  10 

5l554  &709 

5.158  5J101 

4.762  4-893 

4.305!  4.4*; 

3JKJ8  4-07? 

.1571  aoro 

3.174:  3502 

2.778  2a54 

2-381,  2.447 

1J9**4|  2.039) 

1.58*>  uai 

1.191  15241 

0.71*5,  &816 

0.397  0.40r 


•  Dictionary  qf  AH»  mnd  Manufacture;  S?3. 
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Appendix.  523 

TABLE  VI. 


Dr  Ore's  Table  of  the  Quantity  of  Real  or  Anhydrous  Nitric  Acid  in  100 

Parts  of  Liquid  Acid,  at  different  Densities. 


Sp  Gr. 

* 

Real  Acid  in  100 
pans  of  the  li- 
quid. 

Sp.  Gr. 

Real  Acid  in  100 
part,  of  tbe  h- 
quid. 

Sp  Gr. 

• 

1 

Real  Acid  in  100 
parts  of  tbe  li- 
quid. 

7Q  700 

i  0700 

1.9/ Oo 

1  i«(r. 

1.  I  OtfiJ 

CU\  *lfl  1 

i  r »«-() 

7ft_O01 

1  **7'«9 

Ol.oUO 

1.1OO0 

4*>..H»-4 

1 4o<;o 

lit.  n  nj 

7ft  IfWi 

/O.I  VJf ) 

1  1 

l.iOol 

Ol.UOo 

1     1 1770 
1.1 1  tU 

OJ  707 

1  4040 

77  9flD 

1.9'fcJU 

OU.«l  1 

1  i7no 

•>•<  'tin 

1  4010 

76  *;i9 

JO  J 1 J 

«>i  110 

1  4,-SO 

7^  71*> 

/  O./  lt» 

1  uvjo 

JH  III 7 

1  1«W7 

74  Olft 

1  *IJ77 

J7  M90 

1  \t\Ofl 
1 . 1 . )  ,1 ) 

91  MM 

74.121 

1  *L197 

J7  099. 

90  799 

1  47MO 

7**  '19  J 

1  *tt70 
I.99/U 

Ai\ 

11 ».  s-^i  > 

1  UOft 

1. 141>» 

1  .»..'-• ) 

7*?  -"iO? 

1  '£191 

1  "»    I'M  ) 

1  ioj* 

1Q  19ft 

1  47*  tO 

71  7*<o 

/  1.4  'W 

jj  *i**o 

1  i4>^: 

1ft  'C1 1 

70 1  rtfl 

1  *i9in 

J*i  K*I1 

4  ■  ).  O.  H  J 

1  1'»7 

17 

1.4<J/  U 

70  rw: 

1  IliK 
J  •  1  IfjO 

If!  7'YJ 
1x1.1  tit 

1  It ;  If  l 

60  *tto 

U»'.»>>1» 

1 11  in 
1.01  hi 

JO  OJ1 

1  1 1  f  K) 

1.11  Ui7 

1  OJO 

1  4l!00 

Kft  ^9 

1  *iov: 

J1  JJ4 

1  10^1 

i.l  UO I 

1  ^  1  J.*4 

1  4ri70 

1.1.1/  U 

l>/./  40 

1..JUU1 

JO  f  L17 

1 J 

» j ; ojw 

1  9017 

'Hi  Q VI 

11  U'l 

1.4500 

66.155 

1.2887 

39.053 

1.0878 

12.752 

1.4460 

.  >  —  OP*  | 

65..  154 

15826 

38556 

1.0821 

11.955 

1.4424 

64.557 

15765 

37.459 

1.0764 

11.158 

1.4385 

63.760 

15705 

36.602 

1.0708 

10;i61 

1.4346 

62.1163 
(22.166 

15644 

.35,8<« 

1.0651 

9.5fi4 

14306 

15583 

1.0595 

8.767 

1.42(2) 

61.361) 

1.2523 

34571 

1.0540 

7.970 

1.4228 

60.572 

15462 

33474 

1.0485 

7.173 

1.4 189 

59.775 

15402 

32.677 

1.0430 

fi376 

1.4147* 

58.978 

15341 

31.880 

1.0375 

5.579 

1.4107 

58.181 

1.2577 

31.083 

1.0320 

4.789 

1.4065 

57.384 

15212 

30.286 

1.0267 

3985 

1.4023 

50587 

15148 

29.48J) 

1.0212 

3188 

1.3078 

55.790 

1.2084 

28.692 

1.0159 

2-391 

1.3945 
1.3882 

54.91)3 

1.2010 

27.895 

1.0KX5 

1.594 
0.797 

54.196 

1.1958 

27.098 

1.3833 

53399 

» 


r 
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524  Appendix. 

TABLE  VII. 


Table  of  Louritz,  showing  the  Quantity  of  Absolute  Alcohol  in  Spirits  of 

different  Specific  Gravities. 


100  Parts 

Specific  (Jraviiy. 

100  Paris. 

Specific 

Gravity. 

100  PirU. 

Sp.  Gravity. 

..^Iconol. 

W»i»r 

Al  Gj-\ 

At  00-'. 

|  Alcohol 

Wmtr 

Al  U*. 

Al  '9*. 

* 

Alcohul 

VV«ler 

a  •  liv 

l   0 »  • 

100 

0 

0.791 

9-796 

66 

34 

fl  S77 

0  881 

32 

68 

0.952 

0  \fD0 

99 

1 

0  794 

0798 

65 

35 

0  383 

31 

69 

0.954 

f\  nr.7 

0  U07 

98 

2 

0.797 

0  801 

64 

36 

0  886 

30 

70 

0.9o6 

97 

3 

0.800 

0804 

63 

37 

0  839 

29 

71 

0.957 

96 

4 

0.803 

0807 

1 

38 

n  887 

0  891 

28 

72 

0.959 

0.iJ6. 

95 

5 

0.805 

0  809 

61 

39 

0  8S9 

1  t.OO  >J 

0  393 

27 

73 

0.961 

o.y6o 

94 

0 

0.808 

0812 

60 

40 

fl  S<  1  ' 

0  896 

20 

74 

0.903 

93 

7 

0.81 1 

0315 

59 

41 

fl  Ma 

0.898 

25 

75 

0.9bo 

r\  QUI 

92 

8 

0.813 

0  817 

58 

42 

f)  - 1  •  1 . 

0.900 

24 

76 

0.966 

o.y6s 

91 

9 

0.816 

0  820 

57 

48 

0  902 

23 

77 

0.968 

0.970 

90 

10 

0.818 

0  822 

56 

44 

0  901 

0  904 

22 

78 

0.970 

097= 

89 

1 1 

f\  on* 

0.821 

0825 

55 

45 

0  906 

21 

79 

yv     .  ,  —  , 

0.971 

1  0  97^ 

88 

12 

0.823 

0827 

54 

46 

0  'Mi, 

0.908 

20 

80 

0.973 

0.974 

87 

13 

0  826 

0430 

53 

47 

0  007 

0.910 

19 

81 

0.974 

0.973 

86 

14 

0.828 

0-832 

52 

43 

0  900 

0  'M  ■ 

18 

82 

0.976 

0  977 

85 

15 

0.831 

0835 

51 

49 

0  91  9 

0  915 

17 

83 

0.977 

0  979 

84 

16  ' 

0  834 

0-838 

50 

50 

0  017  1 

16 

34 

0.978 

0  979 

83 

17 

0.836 

0-840 

49 

51 

0  017 

0  020 

1  *i 

85 

0.980 

0  981 

82 

18 

0.839 

0843 

48 

52 

0  01 9 

n  022 

1  H 

36 

0.981 

0  982 

81 

19 

0.842 

0.846 

47 

58 

0.921 

0.924 

13 

87 

0.983 

0.994 

80 

20 

0.844 

0.848 

|  40 

54 

0.923 

0  926 

12 

88 

0.985 

0.986 

79 

21 

0.817 

0.851 

45 

55 

0.925 

0.928 

11 

89 

0.986 

0.937 

78 

22 

0.849 

0.853 

44 

56 

0.927 

0.930 

10 

90 

0.987 

0.989 

77 

23 

0.851 

0.855 

57 

0.930 

0.933 

9 

91 

0.983 

0.989 

76 

24 

0  853 

0.857 

42 

58 

0.932 

0.935 

8 

92 

0.979 

0.990 

75 

25 

0.850 

0.860 

41 

59 

0.934 

0.937 

7 

93 

0.991 

0.991 

74 

26 

0.859 

0.863 

40 

60 

0.936 

0.939 

94 

0.992 

0.992 

73 

27 

0.861 

0.865 

39 

61 

0.988 

0.941 

95 

0.994 

72 

28 

0.863 

0  867 

38 

62 

0.940 

0.943 

4 

96 

0.995 

71 

29 

0.866 

0.870 

37 

63 

0.942 

0.945 

3 

97 

0.997 

70 

30 

0.868 

0.872 

36 

64 

0.944 

0.917 

2  I 

98 

0.998 

69 

31 

0.870 

0.874 

35 

65 

0.946 

0.949 

99 

0.999 

68 

32 

0.872 

0.875 

34 

66 

0.948 

0.951 

S 

100 

1.000 

67 

33 

0.875 

0.879  1 

33 

67 

0.950  | 

0.953 

i 

■ 
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Specific  Gravity  of  Essential  and  other  Oils. 
.  _________ — 


Oil  of  A n lso -seed ,  ....... 

0  Q')58 

0  948 

A  4         It       i^n  m*«rn«t 

0  975 

44                          _  _*_ 

1  Alfi 

•*    "  of  Roses,  (Ottar  of  Ro«es)  . 

.  0.832 

• 

Oils  of  Fermented  Liquors. 

Tables  of  Weights  and  Measures,  of  the  Correspondence  between  Fahren- 
heifs,  Reaumur's,  and  the  Centigrade  Thermometers,  and  of  Freezing  Mixtures. 


WEIGHTS  AND  MEASURES. 


WEIGHTS. 


The  standard  according  to  which  the  present  system  of  weights  is  regulated,  is  the  Troy 
brass  pound.-    It  contains  5760  grains. 

Imperial  Standard  Troy  Weight. 

24  grains  =    1  pennyweight. 

20  pennyweights  =  1  ounce. 
12  ounces  «=    1  pound. 


Grains.  Pennyweight*.  Ouaees.  Pound. 

24  =  1       =  y'o-  7irj 

480  =  20      =  1  tV 

57C0  =  240      =  12 


*  For  important  remarks  on  weights  and  measures  and  on  the  standard  weights  of  the  United 
Slates,  see  Hassler's  Report*  to  Congress,  1837—8. 
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•Avoirdupois  Weight. 

The  pound  avoirdupois  contains  7000  grains,  each  of  which  is  equal  to  a  Troy 
being  thus  heavier  than  the  Troy  pound  by  1240  grains, 

1  drachm  = 

16  drachms      =       1  ounce  = 

16  ounces        mm       1  pound  = 

28  pounds        ~       1  quarter  = 
4  quarters       mm       1  cwt.  or  112 
20  twti.          =       1  ton 


27.34375 
437  5 
7000 
196000 
784000 
15680000 


1 


Ounces. 
16 
1 

tV 


or, 

Drachms. 
256 
16 
1 


7000  grains. 
437.5 

27.34375 


Apothecaries1  Weight. 

The  pound  in  Apothecaries'  Weight  is  equal  to  the  Troy  pound,  containing 5760  grains, 
but  is  differently  subdivided. 

1  pound  ft,  =  12  ounces  =  5760  grains. 

]  ounce  3  =  6  drachms  =  460 

1  drachm  3  =        3  scruples  =  60 

1  scruple  £>  mm  20  grains  mm  20 

or, 


Pound. 

Ounces. 

Drachma. 

Scruples. 

Grains. 

1  = 

12  = 

96  = 

288 

5760 

1  = 

8  mm 

24 

480 

1  mm 

3 

60 

1 

20 

The  following  tables  show  the  correspondence  between  the  Troy,  Avoirdupois, 
Apothecaries*  Weights. 

Troy  Weight.  Avoirdupois. 

 *  .. 


1  pound  mm 
1  ounce  = 
1  pennyweight  = 


13  oz.  2  dr.  17.8125  grs. 
1      1  15.1562 
0      0  24. 


1  pound. 
1  ounce. 
1  scruple  4  grs. 


1  pound  = 
1  ounce  mm 
1  drachm  = 


/  

J* 

0 


Troy  Weight. 

 A  


2  oz.  11  dwt.  16  gr. 
0       18  55 
0        1  3.34 


1  tt>2  §  4  3  2£ 

0      0     7     0     17.5  gT*. 

0      0     0     1  7.34 


Apothecaries'. 

1  pound 
1  ounce 
1  drachm 
1  scruple 


Troy  Weight. 

1  pound 

1  ounce 

2  dwt.  12  gr. 
0  20 


Avoirdupois. 


13  oz.2  dr.  17.6125 
1  1  15.1562 
0  2  5.3125 
0      0  20. 


French  Decimal  Weight.— Gramme  =  15.4063  Troy  Grains. 

mm         0.0154  grains 
=  0.1540 
=  1.5406 

=  15.4063 


Milligramme 
Centigramme 
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MEASURES. 

The  Imperial  Standard  Gallon  contain?  ten  pounds  Avoirdupois  weight  of  distilled 
water,  weighed  in  air  at  62°  Fahr.  and  30°  Barom  ,  or  12  lb.  1  ounce  16  pennyweights  and 
16  grains  Iroy,  —  70,000  graina  weight  of  distilled  water.  A  cubic  inch  of  distilled 
water  weighs  252.458  grains,  and  the  imperial  gallon  contains  277  274  cubic  inches. 


Imperial  Measure. 


1  Quarter 

8  Bushels. 

1  Bushel 

4  Pecks. 

1  Pock 

2  Gallons. 

1  Gallon 

4  Quarts. 

DM 

lied  Watsr. 

1  Quart 

or, 

2  Pints. 

Grams. 

—A  .  , 

Aroird.  lb. 

Cub.  loch. 

Pun. 

Quart.  GalU. 

Peeks.  Buah. 

8750 

=  1.25 

34.659  = 

1 

17500 

=     2.5  = 

69.318  = 

2  mm 

1 

70000 

277.274  = 

8  mm 

4    =  1 

140000 

=   20  = 

554.548  = 

16  = 

8=2 

=  I 

500000 

=   80  = 

2218.192  = 

64  = 

32   =  M 

=    4    =  1 

4460000 

=  640  — 

17745.536  = 

512  = 

256   =  64 

=  32   =   8  = 

Apothecaries'  Measure  (London  Pharmacopoeia). 

The  gallon  of  the  former  wine  measure,  and  of  the  present  Apothecaries'  measure,  con- 
tains 58333.31  grains  weight  of  distilled  water,  or  231  cubic  inches,  the  ratio  to  the  impe- 
rial gallon  being  nearly  as  5  to  6,  or  as  0  8331  to  1 . 

1  Gallon  =         8  Pints. 

1  Pint  0  =16  Ounces. 

1  Ounce  f  5  =         &  Drachms. 

1  Drachm  f  3  mm        60  Drops,  or  Minims. 

or, 

Gallon.    Pint*.       Ounces.       Drachms.      Minims.  Gr.  of  Diet  Water.  Cub  Inch. 

1    ssb   8   =    128   =    1024    =   61440  =   58333.31    =  231 

1    =     16   =     128   =     7680  =     7291.66   =  288 

1    =        8   =      480  =      455.72   =  1.8 

1    =        60  =        56.96   =  0.2 


French  Decimal  Measure  of  Capacity,  Litre  =  61.02525  British  cubic  inches,  or 

15406.312  grains  of  distilled  tvatcr. 

Millilitre  sss         0.06102  cubic  inches. 

Centilitre  =  0.61025 

Decilitre  =  6.10859 

Litre  =  61.02525 


Table  showing  the  Weight  in  Grains  of  various  Measures  (Apothecaries)  of  different 


W».»*i  in  Gr.int  of 

Kfwr.Ule 

Uravtir. 

1  Ounce. 

• 

1  Dr.cbm 

|   l  Mtoisa. 

Distilled  Water  

1.000 

729166 

45572 

56.96 

0.947 

0.720 

5249.99 

mi  2 

41.01' 

0683 

0.796 

5834.16 

362.76 

45.34 

0749 

Solution  of  Ammonia  ... 

0.925 

6744.78 

421  54 

52.69 

0.878 

1.118 

8152.07 

509.50 

63  68 

1061 

Nitric  acid  ...... 

1.480 

10791.65 

674.47 

84.30 

1.405 

1.848 

13474.98 

842.18 

105.27 

1  754 
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Apparatus  for  obtaining  Potassium.  Fig.  1 ,  an  iron  pot  made  of  the 
boat  malleable  iron,  about  12  inches  long,  and  5  or  G  in  diameter  ;  the 
iron  at  least  three  eighths  of  an  inch  thick.  A  lid  is  fitted  accurately  to 
it,  and  this  is  secured  by  an  iron  rod  pnasing  through  two  holes  in  the 
upper  part  of  the  pot.  A  gun-barrel  passes  from  the  cover  to  the  re- 
ceiver. The  receiver  consists  of  two  pieces.  It  is  made  ol  tinned  cop- 
per.  The  piece  (Fig.  2)  is  a  ihifl  paralleloniped,  10 

A  y  ^        inches  long,  5  or  6  broud,  and  !A  thick.    It  is  shut 

/-— --p  f         al  the  top  and  open  at  tho  bottom.    It  is  divided  by 

(pS        ■        tO    n  diaphragm,  a,  to  within  one  third  of  the  bottom. 

On  one  side  is  a  small  hole  into  which  the  end  of 
the  gun-barrel  enters,  and  to  which  it  is  luted  air-tight,  or,  what  it 
belter,  fitted  by  grinding  Opposite  to  it  is  another  opening,  fitted 
with  a  cork  through  which  an  iron  wiro  passes  air-tight.  It  passe* 
also  through  a  cork  fitted  into  the  hole  in  the  diaphragm.  The  usr 
of  this  wire  is  to  keep  the  gun-barrel  from  being  tilled  up  during  the 


.  3  is  the  other  part  of  the  receiver,  open  above,  and  shut 
2  fits  it  exactly.    A  few  inches  of  naphtha  are  put  into 


Erocess.  Fig 
clow.  Fig. 

Fig.  3,  and  Fig.  2  is  placed  in  it ;  being  well  luted  with  fat  lute  or 
putty  to  exclude  air.  A  bent  glass  tube  proceeds  from  2  at  o,  Fig.  4, 
welf  luted,  which  plunges  into  a  vessel  filled  with  naphtha  ;  to  allow 
the  cs«  ape  of  the  gases. 

t  ie.  4. 


again  with  wire,  and  the  whole 
It  should  be  allowed  to 
before  using,  and  the  crack* 


Fig.  4  shows  the  arrange- 
ment of  the  iron  pot,  recei- 
ver, and  furnace.  The  iron 
pot  should  be  luted  before  it  is  used,  as  it  is  apt 
to  be  melted  ;  this  is  best  done  by  binding  it 
round  with  iron  wire,  covering  it  with  a  atitf 
clay  lute  mixed  with  about  one  fifteenth  part  of 
iron  filings  and  charcoal,  and  n  little  thread  cut 
into  pieces  about  an  inch  in  length.  This  is 
bound  round 
rubbed  over  with  lute, 
dry  a  day  or  two 
should  be  tilled  up. 

The  iron  pot  in  placed,  as  represented,  above 
a  piece  of  fir*;  brick,  and  fixed  to  it  with  fine 
clay.  The  body  of  the  farnace  may  be  about  1^ 
inches  long,  15  broad,  and  18  deep;  the  walls 
from  5  to  ID  inches  thick,  and  the  nue  6  inches 
square  (inaidc). 

Tho  upper  part  of  the  furnace  is  covered  by  a 
flat  cast-iron  plate  about  three  fourth*  of  an  inch 
thick,  and  with  an  opening  in  the  centre 
through  which  fuel  it  introduced,  a  moveable 
cover  oi  the  same  metul  being  fitted  to  it  by  an  iron  bolt  pausing  through  a  hole  bored  in  it 
and  in  the  plate  .  it  allows  us  also  to  see  very  conveniently  tbe  state  of  tbc  apparatus  within 
the  furnace  Another  opening  is  made  on  a  level  with  the  branders,  to  allow  tbe  fire  to 
be  withdrawn  whenever  it  may  be  necessary  '•  it  is  constructed  in  such  a  manner  as  to  al- 
low  it  to  be  easily  closed  up  with  a  brick  and  a  little  mortar,  which  may  be  removed  again 
with  the  same  facility.  A  door  is  also  placed  below  to  regulate  the  admission  of  the  air, 
and  a  damper  in  the  vent  to  diminish  the  draught  if  this  should  be  necessary.  The  aper 
ture  in  the  side  of  the  furnace  for  the  gun -barrel  must  not  be  forgotten. 

After  everything  has  been  properly  adjusted,  the  fire  may  be  put  on.  A  Ht'le  water 
comes  away  when  tho  apparatus  becomes  red-hot ;  soon  after,  carbonic  oxide  gas  is 
evolved  ;  and  when  it  is  at  white  heat,  a  very  dense  vapour  is  disengaged,  which  bums 
with  a  brilliant  fiamo.  The  receiver  intended  to  condense  the  potassium  may  then  be 
fixed  to  the  extremity  of  the  gun  barrel  without  the  furnace  The  receiver  is  that  recorn 
mended  by  Berzelius,  which  should  be  kept  cold  by  ice. 

When  the  gas  begins  to  bo  disengaged  slowly,  this  arises  in  general  from  the  tube  being 
so  obstructed  as  to  prevent  it  from  passing  out  readily  ;  the  plug  is  then  taken  out,  and  tbe 
obstructing  matter  removed  as  completely  as  possible,  but  if  the  gas  does  not  appear  then 
to  increase  in  quantity,  it  will  be  better  to  withdraw  the  fire  and  allow  tin-  apparatus  to 
cool.  Too  much  caution  cannot  be  taken  in  endeavouring  to  clear  the  tube  either  during 
the  distillation  or  after  the  apparatus  has  been  allowed  to  cool,  for  the  tube  being  frequently 
obstructed  while  the  materials  are  at  a  high  temperature  and  still  producing  gas,  it  is  obvi- 
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ous  lhat  a  large  quantity  mast  bo  accumulated  in  a  short  time,  and  the  moment  the  impe- 
diment to  its  tree  passage  is  removed,  it  often  expands  With  explosive  violence,  and  gives 
rise  occasionally  to  serious  accidents.* 

The  mixture  of  charcoal  and  potassa  is  prepared  most  easily  by  exposing  six  or  seven 
pounds  of  cream  of  tartnr  (crude  tartar  may  be  used)  to  a  red  heat,  in  large  earthen  or  iron 
crucibles,  till  no  more  gas  is  disengaged,  reducing  it  to  powder  in  a  mortar,  when  cold. 
This  is  transferred  immediately  to  an  iron  pot,  that  it  may  be  prevented  from  attracting 
water  from  the  air.  Urunner  states  that  when  the  tartar  is  mixed  with  one  twelAh  of  its 
weight  of  charcoal  a  larger  quantity  of  potassium  is  obtained.  This  additional  quantity  of 
charcoal  is  useful  also  in  preventing  the  fusion  of  the  carbonate  of  potassa  at  the  high  tem- 
perature to  which  it  is  aiiorwards  exposed. 


A  powerful  lamp  (Fig.  5),  where  a  large  flame  is  required,  may  be 
formed  by  Ailing  a  ting  of  tin  of  an  inch  or  more  in  diameter,  and  .in 
inch  in  length,  with  wick  yarn,  and  placing  it  in  a  shallow  tin  vessel, 
in  the  centre  of  which  is  a  tube  or  cavity  into  which  the  ring  his  loosely. 
The  tube  is  soldered  at  the  top  to  the  body  of  the  lamp,  but  a  small 
space  is  left  at  the  bottom  to  permit  the  passage  of  the  alcohol  with 
which  the  lamp  is  rilled.  The  lamp  is  filled  by  pouring  the  alcohol  upon 
the  wick.  The  upper  edge  of  the  ring  rises  a  little  above  the  top  of  the 
lamp,  as  seen  in  the  section  Fig.  0. 

The  power  of  different  metals  of  conducting  heat  may  be  shown 
Fig.  7.        by  too  apparatus,  Fig.  7.    See  paragraph  2U3. 


Fig.  8  represents  a  convenient  funnel  for 
convoying  gases  into  vessels  the  funnel  be- 
ing prolonged  by  a  tube  at  right  angles,  and 
inverted  in  a  basin  of  water,  a  small  piece 
may  be  removed  from  the  edge  to  admit  the  pipe  from  a 
retort. 

Fig.  9.         Advantage  will  sometimes  bo  gained  by  cement- 
ing a  thin  piece  of  wood  to  a  cork  made  tapering, 
through  both  which  tubes  may  be  passed  and  secured, 
ducing  into  bottles  and  flasks. 


Fig.  & 


Fig.  6. 


in  Fig.  9,  for  intro- 


Barium,  Strontium,  and  Calcium.    Dr  Hare  has  recently  obtained,  by  an  im- 

£ roved  process,  all  three  of  these  metals.  Saturated  solutions  of  the  chlorides 
»tituted  for  moistened  oxides,  and  exposed  to  a  powerful  Voltaic  ciicuit,  in  con- 
tact with  mercury  as  a  cathode  ;  the  resulting  amalgams  were  distilled  by  means  of  vessels 
of  iron.  The  avidity  of  the  metals  for  oxygen  was  such,  that,  to  see  their  bright  metallic 
surfaces,  it  was  necessary  for  the  eye  to  follow  closely  the  movements  of  the  file  or  bur- 
nisher. They  were  brittle,  and  much  harder  than  potassium  or  sodium.  See  Amtr.  Jour. 
Oct.,  1839.  * 


*  On  one  occasion  when  the  apparatus  was  not  touched  till  36  hours  after  the  fire  had  been 
withdrawn,  on  tapping  the  gun  barrel  to  remove  il  more  easily,  the  whole  of  the  glass  tube  was 
broken  to  pieces  so  excessively  small  that  no  trace  of  it  could  he  found;  a  peculiar  detonating 
compound  indeed  is  formed  within  the  tube,  small  quantities  of  which  were  found  in  ;  ' 
every  part  of  the  room,  and  exploded  with  very  little  friction.  Iteid. 
67 
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Absorption  of  Gases  by  Charcoal. 

> 

Sauesure  found  that  charcoal  prepared  from  box-wood  absorbs  during  the  space  of  24  to 
36  hours,  of 

Ammoniacal  gas,         .....         90  times  its  voL 

Hydrochloric  acid,  .         .         .         .  .85 

Sulphurous        ......  65 

Sulphuretted  hydrogen,     .         .         .         ...     81  (Henry.) 

Nitrous  Oxide,  .....  40 

Carbonic  acid        .         .         .         .         .  .35 

Olefiant  gas,     ......  35 

Carbonic  oxide*     ......  9.42 

Oxygen,  ......  925 

Nitrogen,    .......  7.5 

Hydrogen,       .         .         .         .  .  1.75 


# 

• » 
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GENERAL  INDEX. 


ABB 

ABB  RE  VIA  TION  of  symbols,  35 
Acet  lies,  311 
Aeetal,  447—452 
Acetate  of  alumina,  3flQ 

ammonia,  373 

copper,  319 

iron.  378 

lead,  379 

lime,  37S 

mercury,  319 

morphia,  439 

potato,  378 

tin,  318 

tine,  378 
Acetic  acid,  316 

procured,  376 

by  platinum,  377  (n*) 

from  wood,  376 

glacial,  311 

properties  of,  376 

theory  of  its  formation,  489 
Acettfication,  4S8 
Acetone,  435  (n) 
Acetous  acid,  376 

fermentation,  489 
Acidity,  oxygen  not  essential  to,  122 
Acids,  containing  nitrogen,  391 

 oxygen,  action  of,  122 

fixed,  382 

produced  by  chlorine,  122 
hydrogen,  122 
from  metals,  J25 
terminology  of,  103 
metals  oxidized  by,  122 
oily,  890 

transfer  of,  by  galvanism,  97 
vegetable,  369 
Acid,  acetic,  876 — 189 
acetous,  376 
aldehydic,  441  (n) 


ACI 

Acid ,  nloxanic,  426 

alth  ionic,  391 — 454 
antimonic,  287 
aatimonious,  286 
apocreuic,  394 
arsenic,  215 
nrsenious,  272 
atulmic,  391 
bensoic,  3H1 
boracic,  175 
bromic,  2QJ 
carbonic,  153 

 quantity  produced  by  respiration, 

498 

camphovinic,  454 
carbaitotic,  392 
chloric,  192 
chloriodic,  201  (n) 
chlorocarbonic,  195  (n) 
chloronitrous,  195  (n) 
cbolic,  501 
chromic,  279 
cinnamomic,  382  (a) 
citric,  H8J 
columbic,  285 
crenic,  394 
croconic,  313 
cyanic,  39* 
cyanilic,  422 
cyanuric,  403 
erythric,  see  Alloxan,  425 
esculic,  3S2  (n) 
eth ionic,  395 
fluoboric,  207 
fluosilicic,  208 
formo-bensoilic,  395 

 composition  of,  396 

formic,  373 
fulminic,  101  * 


*(n)  signifies  note. 
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ALB 


Add,  gallic,  381 

hydro- hromir,  203 
hydriodir,  128 
hydro -chloric,  181 
hydro-cvanic, 

 "hydrous,  liMi 

hydro  derrid  cyanic,  112 
hydro-ferrocynnie,  412 
hydro-fluoric,  205 
hydro-oleic,  321 
hydro-selenic,  '^17 
hydro-sulphuric,  214 
hydro-telluric,  223  (n) 
hypo-chlorous,  1^!> 
hypo-nitrous,  1 15 
hydro-sulphocyanic,  420 
hypo-phosphorous,  172 
hypo-sulpbo-indigotic,  395—457  (n) 
hypo-sulphur  ie,  168 
livpn-gulphnrous,  168 
indigo  tic,  322 
iodic,  200 
kinic,  888 

lactic,  880—503  N 

lilhic,  501 

malic,  382 

niargaric,  321 

meconic,  886 

mellitic,  37.') 

mesoxalic,  427 

metaphosphoric,  174 

molybdic,  282 

monoxylic 

muriatic,  184,  IBS 

mykomelinic,  421 

naphthalic,  351    (n)    43Q  (a) 

nitric,  1 17 

  process  for,  143  («) 

nitro-hydrochloric,  188 

nitro-tulphuric,  829.  332  (n) 

nitrous,  11L> 

oleic,  321 

o»mic,  312 

oxalic,  369 

oxalovinic,  45 1 

oxaluric,  428 

oxymuriatic,  see  Chlorine 

parabanic,  42S 

pectic,  323. 

perchloric,  122 

periodic,  221  (■) 

permanganic.  251 

phosphoric,  173 

— —  glacial,  175 

phosphorous,  173 

phosphovinic,  '3l)o    (n) — 454 

pinic,  46 1 

prussic,  405 

purpuric,  433—504 

pyrogallic,  387 

pyro ligneous,  376 

pyrophosphoric,  174 

racemovinic,  454 

rhodi  sonic,  3111 

oelenic,  liiO 


Acid,  selenious,  ISO 
silicic,  177 
silici-fluoric,  208. 
silico-hydrofluoric,  361 
sorbic,  see  Malic,  382 
stearic,  390,391 
suberic,  381  (n) 
succinic,  375—466 
sulpho-cetic,  Hi 
sulpho -oleic,  321 
sulpho-indigotic,  895—457  (o) 
sulpho-naphthalic,  395 
sulphur,  355 
sulphuric,  165 
sulphurous,  163 
silvic,  464 
tannic,  3S8 
tartaric,  383 
tartrovinic,  454 
telluric,  221  (n) 
tellurous,  223 
thionuric,  429 
titanic,  21/2 

transfer  of,  by  galvanism,  27 

tungstic,  233 

uramilic,  430 

uric,  423—504 

vanadic,  281 
Action,  chemical,  IA 
Adipocere,  422 
Aeriform  bodies,  see  Gate* 

conducting  power  of,  65 

expansion  of,  \\ 

matter,  its  power  of  sustaining  induc- 
tion, 82 
Affinity,  chemical,  13 

 results  of,  13 

of  aggregation,  2 

elective,  II 

 ■  inferred,  12 

  single,  12 

  tables  of,  IS 

influenced,  19 

measured,  23 
Agitation,  its  effect,  12 
Air,  effect  of  respiration  on,  498 

atmospheric,  136. 

analysis  of,  138 

an  electrode,  92 

composition  of,  137,  139 

  uniformity  of,  131* 

compression  ol  evolves  heat,  5Q 

Dalton's  theory,  140 

Graham's  experiments,  140 

necessary  to  fermentation,  488 

properties  of,  136 

pump,  132 

purity  estimated,  137 
thermometer,  46 
Alabaster,  325 

AHiumen,:u\{  idote  (o  corrofiive sublimst*,3M 
animal,  492 
linuid,  423  t 
solid,  423 
vegetable,  474 
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Alchoatea,  AAA 
Alcohol,  141 

absolute,  442 
Alcohol,  action  of  platinum  on,  311  (n) 

composition  of,  445 

of  sulphur,  22Q 

strength  of  ascertained,  443 

nses,  443 

in  wine,  table  of,  445 
Aldehyde,  Alii 

its  composition ,  447  (n) 

resin,  447 
Algaroth,  powder  of,  236 
Alkali,  volatile,  2QS 
Alkaliet,  104^  228  , 

metallic  bases  of,  222 

vegetable,  232—134 
Alkaligenoue  metal*,  223 
Alkaline  earthe,  2:3 
Alkalimeter,  153 
Atlantic,  289 
Allantoin,  425 
Alloys,  221 

characters  of,  221 

formed,  224   (o)  '  •" 

qualities  of  the  metals  altered  in,  223 
Alloxan,  425 
Alhxanic  acid,  426 
Alhxantin,  1 30 
Almonds,  485 

bitter,  oil  of,  4fi8 
AlthionU  acid,  394—454 
-■1/um,  330 

impurities  in,  247  (n) 

chrome,  331 

iron,  331 

magnanese,  331 
Alumina,  241 

acetate  of,  380 

in  blood,  496 

obtained,  247 

purified,  217  (n) 

properties  of,  247 

quantity  of  water  taken  up  by  ,2 1 B  [o] 

recognized,  213 

sulphates  of,  326 
./f/umtm'um,  247 

sesquichloride  of,  248 

—  process  for,  243 

sesquioxide  of,  247 
Alizarin,  453  (n) 
Amalgam*,  307 
Amber,  466 

acid  of,  375. 
Ambergris,  502 
Amide*,  theory  of,  364 

signification  of  the  term,  467 
A  midct,  3*i4 
Amidin,  472 
AmmeHd,  3113 

Ammelin,  397 
j-lmmonia,  203 

preparation  of,  203 

acetate  of,  378 


Ammonia,  anomalous  cyanate  of,  399 
bicarbonate  of,  350 
action  of  chlorine  on,  2111 
action  on  oxalic  ether,  467  (a) 
analysis  of,  2111 
benzoate  of,  382 
basic  cyanate  of,  399 
carbonate  of,  349 
carbo-sulphuret  of,  357 
chlorides  with,  352 
cleaning  gold  by,  2Ufi  (o) 
cyanates  of,  399 
hydrochlorate  of,  353 

1  native,  '•'■'>{ 
hydrocyaoate  of,  409 
hydrofluate  of,  354 
hydroeulphate  of,  354 
inflamed  with  oxygen,  209 
metallization  of,  307 
muriate  of,  353 
nitrate  of,  335 
oxalate  of,  371 

phosphate  of,  and  magnesia,  3441 

purpurate  of,  see  Murexid,  431 

sub-carbonate  of,  350 

sulphate  of,  323 

urate  of,  505 

water  of,  2J0 
Ammonia-aldehyde,  116 
Ammoniac  Sal,  353 
Ammoniacal  salts  recognized,  353 
Ammonia  and  magneeia,  phosphate  of,  314 
Ammonium,  20 'J 

bicarbonate  of  oxide  of,  350 

cyanuret  of,  409 

ferrocyanuret  of,  413 

nitrate  of  oxide  of,  335 

sesquicarbonate  of  oxide  of,  350 

sulphate  of  oxide  of,  323 
Amygdalin,  47fi  (n) 
Amylaceou*  substances,  471 
Amy  I  in,  472 
Analysis,  defined,  S6_ 

proximate,  37 

of  light,  II 
Anhydrite,  325 
Animal  carbon,  152— 481 

heat,  498 

 tbcories'of,  499 

substances,  490 

 contain  nitrogen,  490 

  proximate  principles  of,490 

 '  putrefaction  of,  49_1 

  effect  of  heat  upon, 491 

Animals,  effect  of  narcotina  upon,  437 

Annealing,  110 

Animal  heat,  494 

Anion*,  defined,  98 

Ana  tin,  458 

Anode,  defined,  98 

Antimonial  powder,  286 

Antimonic  acid,  237 

Antimonio-tulphuret*,  358 

Antimoniou*  acid,  236 


ATO 
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BER 


Antimony,  285 

alloys  of,  232 
butter  of,  282 
chlorides  of,  2E2 
detected,  2ufi 

distinguished  from  arsenic,  225 

glass  (if,  282 

golden  sulphuret  of,  238 

ignited,  detonates  with  vapour,  25 

salts  of,  2116 

sulphurclB  of,  282 

tartar ired,  2Sfi 
Antiseptics,  -UM 
Ants ,  acid  from,  313 

ApperCs  method  of  preserving  meat.fcc.491 
Apocrenie  acid,  394 
Apparatus,  chemical,  106,  115 

for  freezing,  53  (n) 

Nooth's,  ISA  (a) 

for  liquefying  carbonic  acid,  see  In- 
dex to  apparatus 
Aqua  Ammonia,  21 Q 
fortis,  Lai 
regin,  188,  254 

./t  riilnn,  473 

-/lr6or  Diana,  210 

Saturni,  299 
^rffo/,  384 
ylrrow-rotji,  472 
Araeniatet,  242 
Arsenic,  221 

acid,  275 

 obtained,  221 

alloys  of,  222 

ch  lor  idea  of,  215 

detected,  222 

properties  of,  222 

oxide  of,  222 

persulphuret  of,  322 

sesquichloride  of,  225 

solution  of,  Fowler's,  345 

tests  of,  223 
Arsenio-sulphurets,  352 
Arsenious  acid,  222 

action  of  galvanism  on,  275  [n] 

solubility,  222 

solution  made,  222  [n] 
Arsenites,  245 

Arseniuretted  hydrogen,  226 

Arterialization,  493 
Asbolin,  481 
Asphaltum,  477 
Assay,  see  Gold  and  Silver. 
Atmospheric  air,  12fi 

composition  of,  LS9 

contains  carbonic  acid,  110 

Dallon's  theory  of,  Hi* 

weight  of,  132 
Atomic  theory,  20 

weights,  3Q 
Atoms,  defined  2*29 

elementary,  2 

figure  of,  31 
Atoms,  organic,  362 

use  of  the  term,  3d 


Atropa  belladonna.' 484 

alkali  of/4S4 

Attraction,  2 

contiguous,  2 
chemical,  3 
heterogeneous,  19 
results  of,  13 

Auro-chloridts,  358 

Auric  acid,  213 

Anrum  musivum  268 

Azote,  135 

oxide  of,  141 

Azotic  gas,  135 

^  zulmic  acid,  391 


II  AC  HE'S  apparatus,  66  (n) 
Baldwin'*  phosphorus,  22  (n) 
Balloons,  124 
Balsams,  464 

Balsam  of  Canada,  464  (n) 

of  Peru,  465 

of  Tolu,  4£&  (n) 
Barilla,  348 

puritv  of  ascertained,  349  (■) 
Barium,  232 

chloride  of,  239 

peroxide,  use  of,  121 

protosulphuret  of.  239 

hydrosolphiiret,  356 

peroxide,  239 

properties,  232 

protoxide,  220 
Bark,  482 
Baryta,  238 

carbonate,  350 

chlorate  of,  340 

hydrate,  233 

properties,  233 

pure  obtained,  224 

sulphate,  323 

sulpho-naphihalate,  395  (n) 

test  of  sulphuric  acid,  168 

 of  carbonic  acid,  233 

Bases,  104 
Basic  water,  fi 

cyanate  of  ammonia,  399 
Basts  in  dyeing,  456 
Bassorin,  474 
Battery,  vollnic,  91 
Batteley's  sedative  liquor,  440  (n) 
Bear-berry,  acid  from,  288 
Beer,  482 
Bees-wax,  460 
Beet-sugar,  469 
Benzamide,  364—468 
Benzoate  of  ammonia,  282 
Benzoic  acid,  381 

sublimation  of,  382 
Benzoyl,  theory  of,  365 

compounds  of,  468 

properties  of.  468 

BenzuU,  381  (n) 
Bertholett's  views,  23 
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CAL 


Berxehus,  his  symbols,  35 

theory  of  combust  inn,  121 
Bicarbonate  of  potaasa,  348 

so, la,  349 

oxide  of  ammonium,  350 
Bicar  buret  of  nitrogen,  213 
Bi-chloride  of  mercury,  3QJ 
Bi-chromate  of  potassa,  316. 
Bi-cyanuret  of  mercury,  111 
Bile,  500 

Biliary  calculi,  501 
Biniodide  of  mercury,  :K)5 
Binoxalate  of  potassa,  311 
Binoxide  of  hydrogen,  131 

nitrogen,  113 
Bi  sulphate  of  potassa,  322 
Bismuth,  properties  of,  2911 

chloride,  291 

mugistery,  291 

oxide,  291 

sesquioxide,  291 
Bisulphuret  of  carbon,  229 

apparatus  for,  221  (n) 
Bitartrate  of  potassa,  384 
Bitter  almonds,  oil  of, 

hydret  of  bensoyle,  468 
Bittern,  203 
2f/ac*  dyes,  457 

flux,  221  (n) 

lead,  2£il 

Black,  Dr,  bis  theory  of  animal  heal,  193 
Bleaching,  122 

powder,  243 

— —  assay  of,  243  (n) 
Bladders  for  gases,  107 
Bleeding,  effect  of,  496 
Blood,  491  \ 

bully  coat  of,  499 

coagulation  of,  19a 

  accelerated,  495 

colouring  matter  of,  496 

composition  of,  495 

absorbs  oxygen,  119,  198 

effect  of  chlorine  on,  196 

— —  oxygen,  198 

of  diseases  on,  499 

peculiar  principle  in,  496 

serum  o(,  497 
Blow-pipe  compound,  127.  128 

Brooke's,  128 
Blue-dyes,  457 

Bodes,  state  of  influenced  by  heat,  32 
Boiling  point,  55 

 •  influenced  by  pressure  55 

 of  mercury,  55 

  of  water,  UQl 

Bologna  phosphorus,  323  * 
Bone,  493 

composition  of,  424 

effect  of  heat  on,  194 

phosphate  of  lime,  311  (n) 
Boracxc  acid,  obtained,  125 

native,  175 

properties,  176 

with  fluorine,  292 


Borate*.  316 

Borax,  342 
Borofiuorides,  361 
Boron,  125 

lerchloride,  195  (n) 
Boyle's  fuming  liquor,  351 
Brande's  experiment*  on  wines,  &c.,  444 
Brandy,  4>i 
Brain,  491 
Bras;  292 

Brazil  wood,  458  (n) 
Bronine,  292 

and  hydrogen,  203 

action  on  combustibles,  203 

  on  metals,  22a' 

delected,  202 

obtain*  d,  202 

properties,  293 
Bromic  acid,  291 

ether,  452 
Bromides,  295  (n) 
Bromoform,  448  (n) 
Bronxe,  292 
Brooke's  blow-pipe,  128 
Brucia,  132 
Buckthorn  berries,  186 
Buffy  coat  of  the  blood,  499 
Bulbs,  iii3 
Butter,  501 
Butynne,  501 
Brunswick  green,  359 

B2M  GE,  infusion  of,  11  (n) 
Cadmium,  2£l 

oxide,  265  (n) 

properties,  264 

sulphnret,  265  (n) 
Caffein,  486 
Calamine,  263 
Calcination,  225 
C'a/ciuffi,  219 

bromide,  211  (n) 

chloride,  213 

fluoride,  203 

phosphuret,  211 

  process  for,  215.   (u)  144  (») 

protoxide,  2U 
Calculi,  biliary,  501 

urinary,  505 

varieties  of,  5Q5 
Calico-printing,  156 
Calomel,  393 

process  for,  293  (n) 
Caloric,  absorption  of,  69 

■       during  evaporation,  fil 
■    liquefaction,  51 

  ■    solution,  52 

capacity  for,  16 

apparatus  for  illustrating,  43 

cause  of  vapour,  51 

combined,  50 

conducting  power  of  bodies  for,  63 

  of  liquids  and  gases,  64^  65 

conductors  of,  63 

confined  air  a  bad  conductor  of,  61 


CAR 
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Caloric,  definitions  of,  22 

Hare'*  apparatus,  61 
Romford's  experiments,  63,  65 
evolved  by  increase  of  density,  50-53 
.       during  separation  of  salts,  51 

■  ■ —  lJ»e  condensation  of  vupour,61 

 by  mechanical  pressure,  50 

expamls  bodies,  36 
expansion  of  air  by,  11 

  liquids,  3ft 

  mercury,  10 

  solids,  38 

 ■  water,  41 

general  observations  on,  32 
influences  the  stale  of  bodies,  CO 
influenced  by  surface,  fifi 
■  Bactie's  apparatus  for  illustrat- 

ing, fid  (n) 

latent,  20 

  of  steam,  58 

—          m;ide  sensible,  52 

 apparatus  lor  illualrating,  56 

Melloni's  experiments,  29 
nature  of,  71 
peculiar  effect  of,  42 
polarisation  of.IQ 
radiation  of,  aliii 

 ■  theories  of,  ?Q 

reflection  of,  ul 
Pictet's  experiments,  66 
radiant,  66 

sensible  made  latent,  52 

sources  of,  21 

specific,  48 

  ol  gases,  1ft 

8tark's  experiments,  62 
Calorimeter,  48 
Calorimotor ,  Hare's,  69 
Camphogene,  463 
Camphors, 

common,  463 
Camphrone,  463 
Camphovinic  acid,  451 
Canada  balsam,  464  fn) 
Canton's  phosphorus,  22  (n) 
Caoutchouc,  475 
C ami t char,  42fi  (n) 

Capacity  for  caloric,  46 
Ccpnomor,  479 
Carbazotic  acid,  322 

obtained,  3i£ 

salts  of,  392 
Carbon,  151 

bisulphuret  of,  220 

■ —  process  for,  226  (n) 

 a  sulphur-acid.  221 

bromide  of,  20JJ  (n) 

combustion  of,  151  1 

dichloride,  1125    (n)  * 

and  hydrogen,  211 

hydroguret  of,  214 

and  iron ,  227 

and  nitrogen,  -19 

perch  loride  of,  191 

periodide  of,  202  (n) 


Carbon,  pro  to-chloride  of,  194  (o) 
and  sulphur,  226 

quantity  produced  by  respiration,  122 

varieties  of,  1 3 J 
Carbonate*,  characters  of,  ,47 
Carbo-sulphuret  of  hydrosulpbate  of  ammo- 
nia, 352 
Carbonates,  double,  353 
Carbonate  of  ammonia,  349 

baryta,  360 

copper,  352 

iron,  352 

lime,  35Q 

magnesia,  351 

potaesa,  M7 

protoxide  ol  iron,  352 

  oflead,3fLi 

soda,  313 

stronlia,  350 
Carbonic  acid,  153 

absorbed  by  water,  155. 

  i  quantity,  133  £nj 

i   by  lime,  351 

apparatus  for  solidifying.  See  Plate  L 

composition  of,  153 

effects  on  vegetation,  152 

expelled  by  heat,  351 

Altai  to  life,  155 

generated  in  combustion,  156 

liquefied  and  frozen,  157 

Mitchell's  experiments,  152  [n] 

procured,  153 

properties  of,  154 

a  product  of  respiration,  156.  493 

quantity  produced  by  respiration,  49 

specific  gravity  of,  154 

tests  of,  156 

water  impregnated  with,  154 
Carbonic  Oxide,  151 

explodes  with  oxygen,  16Q 

processes  for,  159 

properties  of.  16Q 
Carbo-sulphuret  of  potassium,  356 

■  •  bydrosulpbate  of  ammonia ,557 
Carburet,  103 

of  iron,  261 
Carburetted  hydrogen,  light,  211 

action  of  chlorine  on,  212 

combustion  ol,  212 

procured,  211 

properties  of,  212 

from  animal  bodies,  491 
Carthamin,  458  (n) 
Caromel,  420 
Cassava,  472 
Caseous  matter,  501 
Cassius,  purple  of,  311 
Cast  iron,  261 
Cations,  what,  93 
Cathortina,  4S1 
Cathode,  what,  98 
Caustic,  lunar,  332 
Cedriret,  429 
Cerasin,  424 
Cerin,  461 
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COA 


Cerium,  2£9 

oxidea,  261' 
Ceruleo-sulphate  of  potassa,  457 
Cerulm,  457 
Ceruse,  See  White  lead 
Chain  of  cupt,  galvanic,  90 
Chameleon  mineral,  254 
Charcoal,  152 

absorbing  power,  152 — 530 

animal,  Ibl 

conduct*  galvanism,  95 

properties,  152 

spontaneous  combustion  of,  153 

bee  Carbon. 
Chemical  action,  15 

promoted,  16 

influenced,  16—22 

effects  of,  1£ 

results  of,  14 

attraction,  IB 

bow  exerted,  13 

  modified,  19 

 :  illustrated,  14,  16,  17 

energies  of  bodies  influenced  by  light  ,74 

equivalent,  25 
Chemical  symbols,  83 — 513 

table  of,  34 

for  in  u  Kb,  33 

nomenclature,  102 
Chemistry,  defined,  1 

foundations  of,  1 

organic,  362 

inorganic,  US 
Chevreul's  researches  on  oils,  itc.  460 
Chio  turpentine,  464  [n] 
Chloral, 

Chlorates,  characters  of,  2311 
Chlorate  of  baryta,  340 

potassa.  339 

soda, 349  (n) 
Chloric  acid,  192 

ether,  452    [n ] 
Chlorides,  184^  225 

with  ammonia,  309 

of  gold,  314 

auro,  353 

oxy,  331) 

platino,  353 

bydrargo,  358 

rnodio,  3511 

of  iodine,  201  [n] 

metallic,  22li 

with  pbosphuretted  hydrogen,  360 

various,  195  [n] 
Chloride  of  nitrogen,  193 

bromine,  2Q4  [n] 

ethyl,  451 

potassium,  223 

sine,  263 
Chlorine,  180 

absorbed  by  water,  181 

action  on  ammonia,  210 

 ■  metals,  183 

■  carburetted-hydrogen,  212 

antidote  to,  162  [n] 
68 


Chlorine,  nction  on  defiant  gas,  214 
condensed,  184 
effect  of  light  on,  165 
detected,  164 

explosion  of,  184,  apparatus  for, P I. II. 

—  with  ether,  450 

hydrate  of,  162 

nature  of,  195 

obtaiued,  lol 

peroxide  of,  191 

supports  combustion,  182 

unaltered  by  beat,  183 

uses,  164 

weight,  182 

with  cyanogen,  419 

■  hydrogen,  184 

 .  me  tab,  225 

i  nitrogen,  192 

 oxygen,  18'J 

  phosphorus,  163 

 mercury,  162 

-  tin,  163 
Chlorxodic  Acid,  201  [n] 
Chlorite*,  841 
Chloroform,  446  [n] 
Chloro  carbonic  Acid,  195  [o] 
Chloro-nitrous  Gas,  195  [n] 
ChtorophylUte,  458 
Chlorous  Acid,  191  «t> 

process  for,  192  f. 
Choak  damp,  156 
Cholera,  effect  of  on  the  blood,  499 
Choir  shrine,  501 
Cholic  acid,  501 

Christison't  experiments  on  alcohol,  442 

table  of  strength  of  wines, ^410 
Chromaies,  characters  of,  345 
Chromate  of  iron,  277—316 

 acid  from,  279 

lead,  346 

potassa,  346 

zinc,  346  [n] 
Chrome  alums,  331 
Chromic  acid,  279 
Chromium,  277 

chlorides ,  23d 

oxides,  276 

perfluoride,  260 
Chromule,  456 
ChromulUe,  453 
Chyle.  541 

Cinchona,  varieties  of,  463 

acid  in,  368 
Cinchonia,  435 
Cinnabar,  306 

factitious,  306 

manufacture  of,  806  [n] 
\    native,  307 
Cinnamomic  acid,  362  [n] 
Circles,  voltaic,  65 
Citisin,  466 

Citric  acid,  process  for,  383 

from  currants,  3H'S 
Clothing  substances  .conduct  iog  power  of,  63 
Coagulation  of  blood,  495 
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Coal,  gas  from,  212—480 

distillation  of,  490 

mines,  fire  damp  of,  212 
Coating  of  vessels,  106    [n  J 
Cobalt,  obtained,  2-38 

alloy*.  220. 

chloride.  262 

oxide,  262 

properties,  262 
Cobaltate  of  ammonia,  263  [n] 
Cocoa-nut  oil,  460 
Codeia,  110 
Coffee,  analysis  of,  425 
Cohesion,  2 

diminished,  12 
Coke,  123 

Colchicum  autumnale,  4*12 
Colcothar,  3i7 

Cold,  artificial  produced,  51,  60 
by  rarefaction  of  air,  00 
by  carbonic  acid,  153  [n] 
by  ether,  450 

tables  of  mixtures  fbrr  51  •* 
Coloeynthin,  425 
Colocynth,  425 
Colophon,  464 
Colouring  matters,  155 
Colouring  matter  of  flowers, 

of  fruits,  486 

of  blood,  U'i, 
Colours,  adjective,  15l> 
Colour,  its  influence  on  absorptioa  of  calor 
ic,62 

 ■  of  odours,  506 

Colours,  theories  of,  74 

destroyed  by  chlorine,  122 

removed  by  carbon,  152 

substantive,  456 
Cotumbie  acid,  2g5 
Columbtum,  231 

acid  of, 

oxide  of,  285 

obtained,  284 

same  as  tantalum,  2$i 
Combination,  laws  of,  24 

accounted  for,  24 
Combining  proportion,  25 
Combustion,  121 

Berxelius'  theory  121 

Lavoisiers'  theory*  121 

in  oxygen  gas,  120 

increases  the  weight  of  bodies,  121 

of  alcohol,  413 
Compounds  of  many  proportions,  21 
Compound  voltaic  circles,  21 

radicals,  362 
Compound  bloto  pipe,  507 
Conductor*  of  caloric,  (i3.52'J 
Congelation,  artificial,  60 
Conicina,  484 
Conium  maculatum,  48  1 
Constitutional  water,  5 
Contiguous  attraction,  2 
Contraction  from  heat,  42 
Cooling,  rate  of,  varied  by  surface,  C6 


Copaiva,  Ifil 

adnlteration  of  detected,  465 
Copal,  165 

solution  of,  46") 
Copper,  acetate  of,  379 

alloys  of,  2t!2 

cleaning  of,  226.  [n) 

chloride*,  226 

combination  with  ammonia,  328 

di-carbonate,  352 

effect  of  galvanism  oa,25 

■  heat  on,  224 

ores  of,  2lil 

oxychloride,  252 

plates,  preservation  of,  228  (•] 
properties,  2i!i 
scales,  228  [n] 
sulphate  of  oxides  of,  32S 
sulphurcts,  2li6 

whitened  by  arsenic,  215-  (n) 
Copperas,  226 
Cork,  li!3 
,  com  poppy,  petals  of,  485 
Corrosive  sublimate,  Ml 

antidote  to,  305 
Cortical  layers,  482 
Crassamentum, 496 
Cotton,  483 

Cfateford's  experiments,  52 

Crosse's  experiments,  28 

Croton  oil,  460 

Cream,  501 

Cream  of  tartar,  384 

CYfTue  acid,  324 

Creosote,  422 

Croconic  acid.  323 

Crocus  of  antimony,  282 

Crude  tartar,  224 

Cryophorus,  61  (n) 

Crystallization,  agency  of  cohesion,  20. 

condition-*  for,  2 

connexion  of  with  chemistry,  12 

influence  of  light  upon,  7 

laws  of,  9 

promoted,  6 

systems  of,  10 

theories  of,  2. 

water  of,  5 
Crystallized  tin,  265.  [n] 
Crystals,  axes  of,  2 

large  forms  of  obtained,  6 

from  fusion.  4 
Cupellation,  202  [n] 
Cuticle,  424 

Currants,  acid  from,  282 
Cyanates  of  ammonia,  322 

anomalous.  3'.>'J 

basic,  £>2 
Cyantc  acta*,  398 

properties  of,  399 
Cyanodide  of  Kthyle,  152  (n) 
Cyanogen,  212 

analysis  of,  220 

compounds  of,  3'J*j 
<  obtained,  212 
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Cyanogen,  properties,  2211 
and  hydrogen,  405 
and  iron,  compounds  of,  412 

 iodine,  419 

oxygen,  328 

Cyanurates,  404 

Cyanurets,  double,  of  metals,  412 
Cyanurets  of ummonium,  401) 

 potassium,  401  > 

iron,  410 

 palladium,  411 

 -iUfr,  HI 

Cyanurie  acid,  403 

radical  of,  398 
Cystic  oxide,  V.Y.I 

J) ALTON,  his  theory  ofatomt,  29 

— —  of  elements,  8J  (n) 

  of  the  atmosphere,  110 

Dagutrre,  his  invention,  507 
Daniel's  experiments,  8 
Decomposition,  IN 

by  electro-magnetism,  102 

—  galvanism,  90 
Decrepitation,  6 
Deflagration,  225 
Deflagrator,  Hare's,  21 
Deliquescence,  5 

Davy,  his  galvanic  experiments, 96 

—  list  of  voltaic  circles,  82  [n] 

—  protector,  82 

—  safety  lamp,  IS 

—  theory  of  galvanism,  101 

—  theory  of  chlorine,  18S 
Delphinia,  422  (n) 

De  Luc's  columns,  22 
Density,  maximum  of  water,  13 
Deoxidation,  122 
Deoxidizing  rays,  25. 

substances,  their  actien  on  iruiigu,  1.j7 
Dextrine,  510 
DephlogisHcated  air,  118 

  nitrous  air,  141 

Detonating  powders,  340.402 
Deutocarbohydrogen,  474  [n] 

its  relation  to  aldehyden,  442  (n) 
Dew,  £2 

point,  63 
Diagrams,  13 
Diamond,  pore  carbon,  151 

combustion  of,  151 
Dichlorideof  carbon,  135  [n] 

sulphur,  105  [n] 
Differential  thermometers,  10 
Diffusion  of  gases,  Mitchell's  exp'ts  on  ,497 
Diffusiveness  of  gases,  1  Ifl 
Dilatation  of  air,  41 
Dippel's  oil,  4iH.f»02 
Diseased  blood,  49H 
Disinfecting  liquid,  342  [n] 
Distillation,  132 

destructive,  2£>8 

 —  of  vegetables,  117 

Distilled  water,  162 
Dobereiner's  lamp,  125 


Double  elective  affinity,  12 

carbonates,  253 

flunr  ides,  301 

iodides,  300 

Sulphates,  330 
Dragon's  blood,  46') 
Drummond's  light,  20 
Ihirti/r-  metals,  223 

Dumas'  process  for  carbonie  oxide,  159 

DufeA  go/d,  222 

Dutrochet,  experiments  of,  499 

Dyeing,  450 

Dyes,  black,  457 

blue,  457 

red,  IMx 

with  indigo,  153 

■ 

EARTHS,  alkaline,  223 

bases  of,  228,  231 
Ebullition,  50. 
Efflorescence,  5 

effects  of,  21 
Effluvia  of  putrescent  substances,  422 
Elaine,  4fl0 

Elastic  gum,  see  Caoutchouc,  425. 
Elaterium,  4115. 
Elasticity,  effect*  of,  21 

increased  by  heat,  21 

influences  results,  22 
J?fafin,  4S5 
Elective  affinity,  12 
Electricity,  33 

and  galvanism,  identity  of,  25 

action  on  ammonia,  209 

■  on  albumen,  433 

by  induction,  81 

 Faraday's  theory  of,  81 

nature  of,  34 

quantity  and  intensity,  24 
sources  of,  81 
theories  of,  7?j  81 
voltaic,  85 
Electrical  battery,  M 
Electro-chemical  equivalents  100, 

decomposition,  1111 
Faraday's  theory  of,  101 

Electrodes,  98 
Electrolytes,  only  excite,  32 
Electrolytic  action,  22 
Electrolyze,  28 
Electromagnetism,  102 
Electrometer,  83 

 Volta's,  13Q  (n) 

Electrophorus,  84 
Electro-positive  bodies,  131 

negative,  131 
Erithrogen,  41 '7 
Ethylid*  of  potassium,  510 
Elements,  chemical,  32 
Emetic  tar  tar,  335 
Emmet's  process  for  formic  acid,  314 
Emttina,  432  [n] 
Emu  I  sin,  425 
E liquation,  203  [n]  303 
Enamel,  178  (n) 
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Endosmose,  422 
Epsom  sails,  225 
Equivalent*,  chemical,  25 

of  compounds,  25 

determined,  23 

electro-chemical,  100 

uses  of,  28 
Erythrin,  455 
Erythrogen,  422 
J?rAo/,  448 

/:*  W*.  r>09 

£%/,  451 

chloride  of,  451 

cyanodide  of,  452  (n) 

tulphuret  of,  452 
Ether,  448 

sulphuric,  448 

purification  of,  449 

—  Philip's  process  for,  449  (n) 

production  of  cold  by,  57 

explodes  with  oxygen  and  with  chlo- 
rine, 450 

action  on  oxides,  45_l 

base  of,  451 

hydrochloric,  451 

nitric,  453 

oxalic,  453 

cenanthic,  454 

thialic,  452 

hydrocyanic,  452  (n) 

■  ulphohydric,  452  (n) 

chloric,  452  (n) 

ioriic.  452 

sulphocyanic,  452 
Ethers,  theory  of,  363 
Etheroxalate  of  potassa,  453  (n) 
Elhionic  acid,  295 
Ether oxamide,  463 
Ethiop's  mineral,  201 
Euehlorinc,  189 
Eudiometry,  131 

Gay  Lussac's  method,  145  (n) 
Eudiometer,  137 

Doebereiner's,  139 

Priestley's,  139 

Urc's.  138  (n) 

Volta's,  138 
Eupion,  476—477 
Evaporation,  4. 57 
Exosmose,  497 
Expansion,  38 

of  air,  rate  of,  42  (n) 
Extractive,  477 
Extractum  Satumi,  379 


FARADAY,  his  experiments,  92 

-       electrical  investigations, SI 
— —  induciometer,  82 
■  -   new  terms,  98 

  theory,  81,  82*  191 

— -  volts- electrometer,  100  (n) 

Fat,  502 
Feathers,  494 
Fecula,  471 


Fermentation,  487 

acetous,  487 — 489 
panary,  490 
vinous.  4^7 
Fermented  liquors,  strength  of,  444 
Ferro-cyanogen,  compounds  of,  412 
Ferro-cyanurets,  413 

decomposed  by  heat,  413 
with  two  basic  metals,  416 
Ferrocyanuret  of  ammonium,  413 
mercury,  415 
potassium,  413 
potassium  and  iron,  416 

Fibrin,  492 
Finery  cinder,  256 
Firedamp  of  mines,  212 
Fireworks  without  smell,  &c.  125 
Fixed  adds,  3*2 
oils,  459 

effect  of  air  on,  459 

spontaneous  combustion  of  459 
Flame,  what,  213 

light  and  heat  ef,2I 

tinged  by  selenium,  179 

red  and  green,  336  (n) 
Flour,  wheat,  421 
Flowers  of  sulphur,  1Q2 

colouring  matter  of,  434 
Fluidity,  caloric  of,  50 
Fhwboric  acid,  261 

obtained,  207 

properties,  207 
Fluids,  imperfect  conductors,  05 
Fluoric  acid,  see  Hydro  fluoric,  2t5 
FhtosUidc  acid,  202 

singular  appearance,  208 
Fluorides,  double,  261 
Fluoride  of  calcium,  205 
Fluorine,  205 

actiou  on  metals,  226 
Fluor  spar,  205 
Flux,  black,  211  (n) 

white,  332  (n 
Fly  powder,  212 
Forbes' s  experiments,  70 

spark  from  magnet,  102 
Formic  acid,  373 
Formobenxoilic  acid,  895 
Forms  of  crystals,  9 
Formula,  chemical,  S3,  513 

abbreviated,  35 
Fowler"1 s  solution,  245 
Freezing  mixtures,  51 

apparatus  for,  53  (■) 

in  vacuo,  60 

Leslie's  method,  60 

of  mercury,  53 

— —  by  csrbontc  acid,  157 

 by  ether,  450 

Freezing  and  boiling,  of  water  and  ether, 

450 
Frost,  62 

bearer,  61 
Friction,  light  from,  71 
Fruits,  48fi 
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Fruits,  acids  of,  486 

contain  sugar*  4B& 

colouring  matter  of,  486 
Fulminating  gold,  212 

platinum,  Slii 

powder,  324 

silver,  21Q 

mercury,  402 
Fuming  liquor,  267 
Furnaces,  111 
Fusibility  of  metals,  223 
Fusion,  watery  of  crystals,  & 


GALACTIN,  461 
Goieno,  298 

Gallic  acid  obtained,  387 
properties,  2U7 
use,  888 

precipitates  by,  283 
Goto,  882 

Galvanic  arrangement*,  85 

battery,  89 

  Hare's,  80 

pile,  00 

trough,  DO 
Galvanism,  see  Voltaic  electricity,  86 

excitement  of,  Mo 

and  electricity,  identity  of,  £Lk 

decomposes  water,  96^  131 

theories  of,  02 
Gates,  equivalent  weights  of,  22 

expansion  of  hy  heat,  42 

condensible  by  pressure,  118 

apparatus  for  experiments  on,  107 

method  of  weighing,  llfi 

  transferring,  113 

quantities  of  absorbed  by  water,  122 

purity  ascertained,  138 

from  gun-powder,  325 

give  out  their  latent  heat  by  compres- 
sion, 50 

ratios  of  combining  vols.  33 

•  ■   ■■  calculated,  33 

specific  heat  of,  49 

specific  gravities  of,  22 

tendency  to  become  thoroughly  mix- 
ed,  122 

general  law  of  their  union  by  vol«.  21 
diffusion  of,  Mitchell's  exp'ts,  407 
tend  to  mix  together,  127 
liquefaction  of,  117 
solidification  of,  157 
as  bottles,  107 
bags,  107 
holder,  109 
Gas,  what,  103 

ammoniacal,  203 
arseniuretted  hydrogen,  276 
axotic,  or  nitrogen,  121 
binoxide  of  nitrogen,  142 
light  carburetted  hydrogen,  211 
carbonic  acid,  153 
carbonic  oxide, 


Gas,  carburetted  hydrogen,  211 

coal,  480 
chlorine,  180 
chloroaitrous,  105  (o) 
cyanogen,  210 
fluoboric  acid,  207 
hydriodic  acid,  1018 
hydrochloric  acid,  1S4 
hydrogen,  122 
bydrosulphuric  acid,  214 
■       properties  of,  215 

  action  on  metals,  215 

  salts  of,  215 

hydro-zincic,  327  (n) 
bydrolelluric  acid,  2yS_  (n) 
nitric  oxide,  143 
nitrogen,  134 
nitrous  acid,  146 
nitrous  oxide,  141 

 parity  ascertained,  142 

oil,  481 
olefiant,  213 
oxygen,  118 

oxymuriatic  acid.  See  Chlorine  gat. 

phosgene,  125  (n) 

phosphuretted  hydrogen.  217 

protoxide  of  nitrogen,  141 

seleniuretted  hydrogen  217 

sulphuretted   ,  214 

sulphurous  acid,  14i3 
Gas  lights,  481 
Gay  Lussac's  theory,  81 

apparatus  for  hydrogen,  ]  ■> 

method  of  analysis  of  ga»c«,  145  (n) 
Gasometer,  108 

mercurial,  110  (n) 
Gelatine,  properties  of,  493 

test  of,  402 
G laser's  potychrest  salt,  224 
Glairin,  475  (n) 
Glass,  128 

action  of  hydrofluoric  acid  on,  206 

annealing,  178 

of  antimony.  237 

of  borax,  347 

pastes,  178  [n] 

etching  on,  206 

method  of  colouring,  ITS  [n] 

varieties  of,  128 

vessels,  acted  upon,  178 
Glauber* s  salt.   See  Sulphate  of  soda. 
Glauberite,  330 

Glucina,  method  of  obtaining,  240 

distinguished,  240 

properties,  248 
Glucinium,  243 

sesquioxide  of,  -142 
Glue,  402 
Gluten,  17 1—474 
Glutin,  475 
Glycerin,  471 
Gold,  malleability  of,  212 

alloys  of,  215 

chlorides  ol,314 

fulminating,  313 
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Gold,  oxides  of,  SIS 
pare,  312—314 
percyanuret  of,  412 
precipitant*  of,  314 
revival  of,  214 
solution  in  ellier,  314 — 451 
standard  of  U.  S.,  315.  (n) 
separated.  312—329  [n] 
cleaned,  2M  (n) 
assay  of,  31ii 
powder,  316 

effect  of  galvanism  on,  95 

mosaic,  2f»8 — 297  (n) 

Dutch,  297 

fineness  of,  316 

colour  destroyed,  315 

ductility  destroyed,  315 

analysis  of  alloys  of,  315 
Gooseberries,  acid  from, 393 
Goniometers,  3 
Graduated  vessels,  107 
Graham's  experiments,  140 

on  alcohol,  442 
Graphite,  2iil 
(imvel,  urinnrv,  505 
Gr ten  fire,  336.  (n) 

Gregory's  process  for  hydro-chlorate  of 

morphia,  JJJ9  (n) 
Gravitation,  2 
Gravity,  influence  of,  23 

•pacific,  effect  ol  chemical  union  on,  1G 

  of  fcnses,  32,  lHj  ll£i 

  of  solids,  ll.) 

  of  powders,  115 

•     ■  of  liquids,  116 

water,  standard  of,  111 
Gum  resins,  \&'> — 482 
J,  fetid,  -166 

cathartic,  467 

sedative,  467 
Gums,  473 

Gunpowder,  composition  of,  33 1 
Gypsum,  325 


HJRMA  TITE,  red,  251 
Hamatin,  453  (n) 
/fa//  equivalents,  Jj 
Hare's  apparatus,  64 

blow  pipe,  121 

calorimotor,  29 

reservoir  for  hydrogen,  123 
/fair,  491 

Haloid  salts,  105,  358 

Hassenfratz,  his  theory  of  animal  heat,  499 

Hatty's  theory,  2 

Heat.    See  Caloric,  32 

animal,  498 

Black's  theory  of,  4M 

of  flame,  71 

guarded  against,  69 

nature  of,  21 

latent,  59 

and  cold,  sensations  of,  32 
operation  of  on  animal  bodies,  491 
polarized,  70 


Heat,  influences  affinity,  22 
radiant,  65 
sources  of,  21 
specific,  48 

transfer  of  prevented,  64 

theories  of,  20 

Henry's  apparatus,  58  (n) 
HeCvent,  416 
HelloVs  ink,  22Q  (a) 
Hemlock,  484 

Heterogeneous  attraction,  13. 
Hircine,  Ml 
Hog's  lard,  502 
Homberg's  phosphorus,  242 

pyrophorus,  330 
Honey,  421 

stone,  375 
Hoofs,  m 
Hops,  1*6 
Hordein,  422 
Horn  silver,  310 
Horns,  494 
Humus,  490 
Hydrate,  what,  133 

of  hvp<>pho!<phorou«  acid,  172 
Hydriodates,  199 
Hydriodic  arid,  198 

properties,  199 

decomposed,  199 

test  of,  2QQ 

use,  2QQ 
Hydrobromic  acid.  203 

process  fur,  204 

properties,  2114 
Hydrocarburet,  211 
Hydrochlorate  of  ammonia,  353. 

native,  354 
Hydrochloric  acid,  184 

process  for,  186,  182  (a) 

absorbed  by  water,  186 

apparatus  for,  182  (a) 

composition,  189 

liquid,  1*7 

recognized,  189 

theory  of,  185 
Hydrocyanate  of  ammonia,  i09 
Hydrocyanic  acid,  4Q."i 

with  metallic  oxides,  409 
Hydroferrocyanic  acid,  412 

  and  metallic  oxides,  411 

Hydrofluoric  acid,  20.") 

action  on  glass,  206 

—          on  metals,  207 

Hydrofluate  of  ammonia,  354 
Hydroftuates.  2117 
Hydrofluorides,  361 
Hydrometers,  413 

INDIAN  CORN,  sugar  of,  473 
Indigo,  157 
Indigogen,  4o7 
Intermediate  bodies,  441 
JnA,  indelible,  338^  new,  509 

printers',  459  (n) 
Insoluble  cyanurets,  409 


KIN 


LIM 


Insoluble,  chloral,  113 
Inulin,  473 
Jodie  ether,  432 
Iodine,  nature  of,  128 

detection  of,  193 — 606 

in  sea  water,  fiOfl 

oxide  <>(,  200 

and  chlorine  201 

and  nitrogen,  201 

and  oxygen,  2<J0 

and  phosphorus,  19S 

source*  of,  Lifi 

test  of,  198 
Iodurets,  198 
Iodoiu  acid,  200 
Iridium.  320 
/rem,  256 

alum,  831 

action  of  water  on,  25fi 

  of  nitric  acid,  252  (n) 

 of  sulphuric  acid,  257 

acetate  of,  323 
bisulphuret  of,  2(,iQ 
black  oxide,  23  S 
carbonate  of  protoxide,  252 
carburets  of,  201 
cast,  261 

combustion  of  in  oxygen,  120 
with  carbon,  227^  261 
chlorides,  258 
chromate  of,  212 

 acid  from,  21 

and  cyanogen  constitution  of  the  com 

pounds  of,  112 
cyanuret  of,  410 
fluorides  of,  259  (n) 
gray.  261 

oxychlorides  of,  859 

photpburet*  of,  200  (n) 

properties,  25ti 

protiodide  of,  252 

protochloride  of,  25S 

protoxide  of,  257 

sesquiferrocyanuret  of,  115 

process  for,  415 

sesquioxide  of,  257 

sesqoicbloride  of,  258 

sesquiodide  of,  252  (n) 

sulphate  of  protoxide,  226. 

test  of,  282 

varieties  of,  2fil 
Isinglass,  49fl 
Isomeric  bodie$,  2fi 
Isomorphism,  12 

advantages  of,  12 

J  El  A.  Y  obtained  by  pectic  acid,  222 

Jackson,  bis  lamp,    See  Frontispiece. 

KELP,  218 
Kermes,  288 
King's  yellow,  222 
Kinic  acid,  388 


L ABA RRAQUE'S  liquid,  Sift  (u) 
Lac,  AM 

varieties  of,  their  composition,  Ififi  (n) 

solvent  for,  151  (n) 
Laccin,  166 
Lactates,  280 
Lactic  acid,  380—503 
Lactucarium,  lfi2  (n) 
Lakes,  150 
Lamp,  safety.  78*  213 

a  phlogistic,  7^ 

Jackson's,  120  (n) 

black,  4S1 

Lapis  lazuli,  colouring  inatlar  of,  236  (o) 
Latanium,  320 
Latent  heat,  50 

made  sensible,  53 
Lavoisier's  theory,  121 
Laws  of  combination  21 

advantnge  of.  27 
Lead,  acetate  of,  329 

action  of  water  on,  tfl8 

alloys  of,  200 

carbonate  of  protoxide,  352 

poisonous,  299  (n) 

chloride  of,  200 

delected,  2!) 9 

oxides  of.  2&S 

oxychlorides  of,  359 

peroxide  of,  300 

properties  of,  223 

purified,  298 

salts  of,  poisonous,  299 

solvent  of,  2118 

subneetale  of,  829 

sugar  of,  222 
Leather,  389 
Legutnin,  125  (n) 
Leslie's  method  of  freesing,  60 

experiments  on  radiation,  66 

photometer,  25 
Leucine,  122 
Leydenjar,  S3 

Libavius,  fuming  liquid  of,  267 
Lichtnin,  473 

Uebig's  compound  radicals,  262 
Light,  21 

analysis  of,  71 

chemical  effects  of,  75 

maguetical,  25. 

double  refraction  of,  73 

Drummond's,  26. 

of  flame,  77 
■     influence  oo  vegetation,  76 

from  percussion,  &c.,  17 

polarization  of,  23 

reflection  of,  22 

refraction  of,  22 
Lignin,  122 
Lime,  acetate  of,  378 

bone  phosphate  of,  211  (n) 

carbonate  of,  350 

chloride  of,  212 

hWe  of,  205 

hydrate  of,  211 


MAN 


514 


MER 


Lime,  hydrochlorate,  212 

light  of,  Hi 

milk  of,  241 

nitrate,  33<i 

oil  of.  212 

oxalate  of,  272 

phosphates  of,  341 

phosphuret,  24 1 

properties  of,  211 

solubility  of,  211 

sulphate  of,  323 

test  of,  212 

water,  211 
Liquefaction,  fil 

of  gases,  111 

■       chlorine,  184 

  carbonic  acid,  157 

  ■  apparatus  for,  Plate  L 

Liquid*,  eapansion  of  by  beat,  29 

evolve  heat,  53 

manner  in  which  they  conduct  heat, 
fil 

specific  gravity  of,  116 
Liquorice  sugar,  471 
Lithia,  discovery  of,  237 

distinguished,  221 

obtained,  227 
Lit  hie  acid,  504 
Lithium,  237 

chloride  of,  237  (n) 

fluoride  of,  237  (n) 
Litmus,  155 

Lixivium,  what,  137  [n] 
Logometric  scale,  513 
Loco  foco  matches,  171  [n] 
Lunar  caustic,  309,  331 
Lupulin,  186 

MA  GIS  TER  Y  of  bismuth,  221 
Magnesium,  215 

chloride*  of,  216 

hydrate,  246  [n] 

protoxide  of,  215 
Magnesia,  216 

calcined,  215  (n) 

carbonate  of,  246  (n) 

sulphate  of,  225 

  adulteration  of,  226  (a) 

Magnesite,  351 
Magnet,  Electro,  102 

spark  frora,  102 

decomposition  by,  162 
JVfagne/istn,  Electro,  162 
Magnetizing  rays,  75 
Maize,  formic  ;»eid  from,  374 
Malachite,  352 
Malic  arid,  3b - 

M«ft,487 

Manganate  of  potassa,  251 
Manganese,  251 

acids  of  with  potassa,  give  different 
colours  with  water,  251 

in' blood,  Ji!6 

alum,  231 

percbloride,  255 


Manganese,  perfluoride,  255 

peroxide,  252 

■■         uses  of,  253 

protochloride  of,  856  (n) 

protosulphuret  of,  256  (n) 

salts  of,  252 

red  oxide  of,  253 

  composition,  253 

Manganic  acid,  251 
Manipulation  with  tubes,  118 
Manna,  471 
Mannite,  471 
Maple  sugar,  462 
Marble,  152 

Marcet's  apparatus  for  boiling,  56  (n) 

— -  for  frrexing,  57  (o) 
Mar g arte  acid,  331 
Margarine,  390—502 
Marsh's  method  of  detecting  arsenic,  214 
Massicot,  298 
Mastic,  465 

solvent  for,  151  (n) 
Matches  for  instantaneous  light,  111  (n) 
Matter,  quantity  of,  22 
Measure  of  affinity,  23 
Meat,  preservation  of,  process  for,  191  (») 
Mechanical  division,  advantage  of,  16 
Meconates,  887 
Meconia,  140 
Melam,  391 

converted  into  cyaauric  acid,  391 
Melamin,  396 

combinations  of,  397 
Mellite,  315 
Mellitic  acid,  375 
Mellon,  ESt.   (n)  326 
MelUmi's  experiments,  70^  71 
Mercaptan,  152 

Mercurial  trough,  Newman's,  110  (n)— 

162  (n) 
Mercury,  acetate  of,  379 

adulteration  of,  301 

action  of  chlorine  on,  303 

 oxygen,  225 

alloys  of,  307 

bichloride  of,  204 

— —  process  for,  301  (n) 

bicyanuret  of,  411 

chlorides  of,  303 

congelation  of,  301 

i       apparatos  for,  53.  (n) 

  by  carbonic  acid,  153  (n) 

detected,  305 

expansion  of,  10 

ferrocyanuret  of,  415 

fulminating,  102 

iodides  of,  305 

oxides  of,  302 

pernitrate  of 

peroxide  of,  302 

 action  of  water  on,  303 

prot  acetate  of,  279 

protochloride  of,  303 

prussiate  of 

purified,  301  (n) 
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Mercury,  apecific  er  «vity  increased  by  cen- 

gelation,  3111 

sulphates  of  oxides  of,  32i£ 

sulphorcts  of,  30t> 

with  potassium,  307 
Meaite,  455 
Meaoxalic  acid,  427 
Metal*,  acids  from,  225 

action  of  acids  on, 

  bromine,  22 ti 

  cnrbon,  221 

  chlorine,  225 

  fluorine,  226 

—  hydrogen.  227 

  iodine,  22li 

  phosphorus,  222 

 ■  stilphur,22fi 

—  sulphuretted  hydrogen,  215 
allow  of,  22^  222 
amalgam*,  221^  22S 
classification  of,  228 

conduct  heat,  222 

decomposing  water  at  a  red  heat,  229, 

m 

double  cynnurets  of,  112 
enumeration  of,  222 
fusibility  of,  223 

fused  and  ignited  by  galvanism,  ?>5 

malleable,  222   (table  m) 

not  e^ential  in  Voltaic  circles,  88 

oxidation  of,  223 

qualities  altered,  224,  228 

salifiable  bases  from,  225. 

selenium*  of,  221 

specific  gravities  of,  222 

speculum  metal.  2U1  (a) 

sulphured  of,  223 

tenacity  of,  223 
Metallic  alloy*,  221 

chlorides,  223 

phosphurets,  227 

seleniurets,  -27 

sulphoretx,  223 
Metaphosphoric  acid,  174 

peculiarity  of,  135 
Metapho*phate»,  312 
Meteoric  atones  contain  nickel,  256. 
Microcoamic  salt,  312 
Milk.  501 

Mindereru*"*  tpirit,  373 
Mineral  chameleon,  254 

green,  352 

yellow,  359 
Mineral  water*,  separation  of  salts  from, 

21  (n) 
Minium,  2911 

Mitchell' »  process  for  phosphuret  of  calcium, 
212  [n] 

experiments  on  passage  of  air,  497 
Mitacherlich'a  discovery,  12 
Mixture,  frigorific,  51 
Molaaaea,  4fi9 
Molybdenum,  hydrate  of,  282 

ora  of,  232 

obtained,  232 

69 


Molybdenum,  oxides  of,  282 

properties,  2ii2 

sulphurets,  233 
Molybdic  acid,  2 :2 
Molybdo-tulphuret*,  .157 
Mordant,  what,  1 5b' 
Morphia,  13S 

acetate  of,  133  •• 

detection  of,  133 

hydro-chlorate  of,  430 

process  for,  133  [n] 
Morrichini,  his  experiments,  75 
Motaic  gold,  268.  281  [n] 
Mucin,  475 
Mucv a,  503 

Multiple*,  law  of  combination  in  simple,  25 

Murexan,  133 
Murexid,  131 

Muriate*.    See  Hydrochlorate*,  .153 
Muriatic  acid.    See  Hydrochloric,  184 

impurities  of,  198 

prepared,  1B7 
Muscle*.  494 
Muscovado  sugar,  169 
Must,  183 
Mustard,  186 
Mykomelinic  acid,  127 
Myricin,  4b  1 
Myrtle  tpax,461 


NAILS,  484 
Narceia,  440 
Narcotina,  437 
Naphtha.  477 
Naphthalic  acid,  480  (■) 
Naphthaline,  47.9 
Nascent  ttate,  what,  21 
Nature  of  chlorine,  195 
Neutral  compound*, 

vegetable  principles,  167 
Neutralization,  14 
Newman'*  trough,  110  (n) 
NicktJ,  213 

chloride  of,  271  (n) 

detected,  270  (n) 

properties,  270 

protoxide,  211 
Nicolin,  441 
Nightshade,  1S1 
Nitrate*,  characters  of,  332 

of  baryta,  835 

copper,  336 

lime,  336 

oxide  of  ammonium,  335 

oxides  of  mercury,  336 

potassa,  888 

protoxide  of  copper,  336 
Nitrate  :( silver,  331 

of  soda,  335 

ofstronlia,  336 
Nitre,  333 

decomposed,  333 
Nitric  acid,  117 

action  on  animal  matter,  119 


OIL 


540 


OXI 


Nitric  acid,  action  on  fixed  oils,  459 

•  iron,  252  (n) 

  lead,  300 

■   metasl,  150 

  phosphorui,  150, 12k 

■   sugar,  470 

—  volatile  oils,  462 
boiling  point  of,  149 
decomposed,  150 
detected,  OIL! 

effect  of  light  on,  142 
oxide  of,  113 
properties  of,'  149 

proportion  of  real  acid  in  100  parts, 

623. 

prepared,  147,  113  (n) 

purified,  LIS 
Nitric  ether,  453 
Nitrites,  339 
Nitrogen,  134 

in  animal  substances,  490 

analysis  of,  143 

detected,  Mii 

process  for,  134 

and  oxygen,  135 

—  carbon,  219 
binoxide  of,  143 

■  properties,  111 

 use  of,  145 

chloride  of,  193 
phosphnret  of,  220  (n) 
protoxide  of,  141 

quantity  absorbed  by  water,  133  (n) 

quadrochloride  of,  12S 

sulpha ret  of,  221  (n) 

supposed  base,  135 

teriodide  of,  201 
Nitronaphthalese,  VM) 
Nitrous  ether,  453 
Nitrous  air,  uVphlogisticated,  HI 

acid,  1  lb 

  properties,  111 

gas,  143 
Nitro-hydrochloric  acid,  189 

■  sulphuric  acid,  32^  332 
Nitrous  oxide,  141 

analysis  of,  143 

absorbed  by  water,  133  (n) 
Nitrous  turpelh,  337 
NobillVs  experiment*,  20 
Nomenclature,  102 
Noyeau,  Uk> 
Nux  vomica,  432 

OERSTED'S  discoveries,  102 
CEnanthic  ether,  454 
Octohedral  system,  10 
Oil  gas,  4fiJ 

 apparatus,  481  (n) 

cocoa  nut.  460 

croton,  I'  Q 

olive,  460 

palm,  16Q 

of  tartar,  34S 
Oil,  of  turpentine,  4£2 


Oil,  of  wine,  452 

almonds,  435 
Oils,  action  of  ucids  on  fixed,  453 

ucliou  of  nitric  acid  on,  459 

action  of  alkalies  on,  4J0 

combustion  of,  469 

drying,  459 

soap  from,  3L!Q 

spermaceti,  uUo 

train,  £03 

volatile,  461 

watchmaker's  460  (n) 

sweet  principle  of,  411 
Oily  acids,  390 

Oleaginous  substances,  458 — 502 
Olefiant  gat,  2_L> 

action  of  chlorine  on,  214 

pro  I  m.t  lies  of,  214 

quantity  absorbed  by  water,  133  (a) 
Oleic  acid,  391 
Olein,  j&i 
Oleine,  460 
Olive  oil,  160 
Upturn,  467 

alkali  of,  138 

detected,  433 

process  for,  133 

acid  in,  386 

substances  in,  440  (n) 
Organic  chemistry,  362 

principles,  362 

— —  classes  of,  363 

matter  in  water,  132  (n) 
Organic  and  Inorganic  compounds, 

distinction  between,  362 
Orpiment,  277 
Osmaxome,  493 
Osmic  acid,  319 
Osmium,  319 

oxide  of,  2lfi 
Oxalate  of  ammonia,  371 

lime,  312 

 ■  calculi,  369,  505 

potnpsa,  311 
Oxalic  acid,  369 

composition  of,  311 

decom|KMed,  371 

distinguished,  870 

troin  tannic  acid,  389 

properties  of,  370 

theory  of  its  production,  370 

poisonous,  370 

in  vegetables,  369 
Oxalovinic  acid,  -451 
Oxalurate  of  ammonia,  423 
Oxaluric  acid,  428 
Oxamide,  4b? 

ana  I v  pis  of,  468 

obi  a  i  no.  I,  467 

properties  of,  467 

action  of  sulphuric  acid  on,  167 
Oxide,  carbonic,  ikl 

quantity  absorbed  by  water,  133  (o) 

— —  .  by  charcoal,  530 

cystic,  433 
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Oxide,  nitric,  143 

nitrous  absorbed  by  water,  133  (n) 

  by  charcoal,  530 

of  phosphorus.  111 

 —  process  for,  112   (n)  503 

of  selenium,  133 

uric,  ±33 

aanthic,  433 
Oxides,  nomenclature  of,  103 

reduction  of,  225 

sesqui,  1JJ2 
Oxy -chlorides,  353 

of  copper,  259 

lead,  352 

iron,  359 

Oxygen,  absorbed  by  the  blood,  119 

i  by  combustible  bodies,  121 

  by  tannic  arid,  889 

action  of  on  blood,  498 

compounds  of  combustible  bodies  with , 

 —  of  chlorine  with,  139 

derivation  of,  102 
diminished  in  combustion,  I  I 0 

  by  respiration,  498 

explosion  with  ether,  450 

loss  of  compensated,  111 

not  the  sole  principle  of  acidity,  122 

produces  oxides  and  acids,  122 

union  with  hydrogen  forms  water, 129 

  nitrogen,  141 

 chlorine,  139 

gas,  118 

its  efiec*  on  indigo,  45? 
properties,  119 
procured,  llfi 

combustion  of  carbon  in,  120 

  of  phosphorus,  120 

quantity  absorbed  by  water,  123  (n) 

 by  charcoal,  530 

——required  for  combustion  of  woods, 
484 

supports  life,  119 
Oxy-hydrogen,  blow  pipe,  128, 501 
Oxyiodidea.  '.166 

Oxymuriotic  acid.    See  Chlorine. 
Oxy  muriates.    See  Chlorates. 
Oxy  salts,  22Q 

PALLADIO  CHLORIDES,  353 
Palladium,  319 

cyaouret  of,  ill 

oxide<  of,  319 
Palm  oil.  460 
Panary  fermentation,  490 
Pancreatic  juice,  500 
Paper,  test,  465,  210 

Par  ah  urn  r  add,  423 

Paracyanogen,  220  (n) 
Paraffin,  412 
Paranaphthaline,  430 
Parillia,  440 
Parts  of  plants,  482 
Particles  of  bodies,  2 
integrant,  12 


Pee  tic  acid,  303 

obtained,  3il3 
Pectin,  293 
Pearlash,  842 

sources  of,  348 

quantity  of  alkali  in,  ascertained, 
Pearl-white,  2L'l 

powder,  291  (n) 
Pelletier  and  Caventous  process  for  ! 

chnnia,  435  (n) 
Per  chlorates,  211 
Perchloric  acid,  11*3 
Per  chloride  of  carbon,  194 

of  mangnneie,  265 

of  phosphorus,  1115  (n) 
Percussion,  light  from,  II 
Percyanuret  of  gold,  412 
Perfluoride  of  manganese,  255 
Perfumed  essences,  462 
Periodic  acid,  201  (n) 
Periodide  of  carbon,  202  (n)  • 
Permanganic  acid,  254 
Peroxide  of  hydrogen,  1M 
Per  sulphur  et,  of  arsenic,  277 

  hydrogsn,  216 

Petroleum,  421  - 
Peru,  balsam  of,  465 
Pewter,  268,  281,  300 
Phlogiston,  12L  122 
Phosphates,  characters  of,  242 

detected,  312 
Pitch,  464 

Plating  of  copper,  312 
Port  fire,  335  (n) 
Phenicin,  457 
Phosphorescence,  28 
Phosphori,  solar,  26 
Phosphoric  acid,  123 

distinguished,  114 
glacial,  175 
prepared,  124 
matches,  111  (o) 
test  of,  114 
union  with  bases,  171 
Phosphorous  acid,  173 
Phosphorus,  109 

action  on  metals,  221 

 of  nitric  acid  on,  114 

Baldwin's,  22  (n) 

Bolo-man,  223 

bromides  of,  205  (n) 

Canton's,  77  (n) 

characters  of,  169 

combustion  in  oxygen,  120,  HQ 

  slow,  170 

.  under  water,  340 

effect  of  light  on,  121 
equivalent  of,  111 
inflames  in  rare6ed  air,  110 
oxide  of,  171 
Vcrrier's  process,  122  (n) 

Botger's    508 

solution  in  ether,  121 
union  with  chlorine,  133 
  hydrogen,  213 
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MS 
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Phosphorus,  onion  with  iodine,  198 

  oxygen,  171 

use  in  euiiiomeiry,  131) 
Phosphovinic  acid.  395  (n) — 451 
Phosphuret  of  calcium,  218  (a) 

of  nitrogen,  2.0  (n) 
Phosphurels,  meiHllic,  222 
Phosphuretted  hydrogen,  211 

prepared,  212 

chlorides  with,  2(111 

combustion  in  oxygen,  219 

effect  of  light  on,  21g 

•nils  of,  355 
Photogenic  drawing,  311  (o)  507. 
Picamar,  479 
Picromel,  501 
Pinchbeck,  221 
PicteVs  experiments,  62 
Pistol,  electrical,  125 
Pittucal,  111 
Plants,  part*  of,  482 

respiration  of,  511 

juice*  of,  482 
Platina-mohr,  321  (n) 
P 'latino -chlorides,  258 

  biniodide  of  potauium,  flfifl 

   of  hydrogen,  3t»0 

Platinum,  31Q 

action  on  hydrogen  and  oxygen  gases, 
316 

  on  alcohol, 222  (n) 

on  carbonic  oxide,  IfiQ 

chlorides  of,  317 

conducts  caloric  slowly,  316 

ethereal  solution  of,  151 

fulminating,  215 

iodide  of.  212 

oxides  of,  211 

properties  of,  316 

s|">ngy ,  2lfi 

■ulphurets  of,  212 

tests  of,  218 
Plesiomorphitm,  12 
Pneumato- chemical  trough,  108] 

mercurial,  110,  U£B  (n) 
Polarization  of  heat,  70 

of  light,  13 
Poles,  voltaic,  98 
Pollenin,  £25  (b) 
Polychroite,  43jj  «v 
'•Poppy,  485 
Potash,  caustic,  2=12 
Potassa,  232 

acetate  of,  218 

action  on  organic  compounds,  3_£2 

bicarbonate  of,  348 

binoatalate  of,  371 

bisulphate  of,  222 

bitartrate  of,  2111 

carboaate  of,  217 

chlorate  of,  32& 

  distinguished,  222. 

  affords  oxygen,  119 

— —  action  on  inflammables,  222 
■  ■    ■  •   of  sulphuric  acid  on, 340  | 


Potassa,  chromates  of,  316 

croconate  of,  212 
fusa,  >3J 

etheroxiilate  of,  45.3  [n] 

iodate  o  i ,  241 

manganale  of,  251 

nitrate  of,  222 

preparation  of,  2.12 

properties  of,  232 

proto-hyilraie  of,  232 

pure,  prepared,  222  [n] 

purified,  222 

qonriroxalalc  of,  212 

bistearate  of,  390 

sulphate  of,  322 

bisulphate,  822 

sulpho-indigotate  of  295 

tartrates  of,  385 
Potassium,  229 

apparatus  for,  528 

boro-fluor  i»le  of,  2Lil 

bromide, of 288  [n] 

cnrho-sulphiiret  of,  ,>.">6 

carburet  of,  J33  [n] 

chloride  of.  2&i 

compounds  of,  231 

cyanuret  of,  AOii 

■   process  for,  410 

decomposes  water,  2->l 

ferrocvanuret  of,  413 

fluoride  of,  222  [n] 

and  hydrogen,  2;>3 

hydro-culphuret  of,  35<> 

iodide  of,  232 

phosphurets  of,  234  [n] 

platiuo-biniodide  of,  .160 

processes  for,  220 

properties,  2211 

seleniurets  of,  221  [n] 

sulpburets  01,234,  234  [n] 

and  iron,  ferrocyanurat  of,  416 

tersulphuret  of,  234 
Potatoes,  422 
Powder,  fulminating,  334 
gun,  324 

with  chlorate  of  potassa,  240  (a) 

Precipitate,  red,  302 

process  for,  302  (n) 
Precipitates,  apparatus  for  drying,  59 
Precipitation,  13 

Preservation  of  animal  substances,  491 
Pressure,  influences  the  boiling  point,  56 

— —  crystallization,  fi 
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PrevosVs  theory,  21 
Priestley's  method  of  analysis,  129 
Primitive  forms,  8 
Printers1  ink,  459  (n) 

types,  228 
Prismatic  colours,  24 

systems,  II 
Proof  spirit,  412 
Proportion,  what,  25 
Proportions  in  which  bodies  combine,  22 
compounds  of  many,  21 
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Proportioru,  laws  of,  24 

limited,  24 

in  volumes,  221 

Protector,  Davy's  82 

Proto  chloride  of  manganese,  255  (n) 

Protoxide  of  nitrogen,  141, 

decomposed,  143 

process  for,  1 12 

properties,  142 

Prussian  blue,  415 

constitution  of,  416 
Prussiaie  of  mercury,  £19 
p  'i. (--.i,  410 
Puddling  of  iron,  261 
Pulse  glass,  5»"> 
Puhii  antimoniaUs,  28H 
Purification  of  alcohol,  441 
Purple  of  Castius .  265 
Purpurate  of  ammonia,  see  Murexid,  421 
Purpuric  acid,  433 — 604 
Pwj,  522 
Putrefaction,  420 

effluvia  from,  its  effects,  422 
Pyracids,  theory  of,  366 
Pyrites,  iron,  260 

copper,  2u4 
Pyroligneous  acid,  27b 
Pyrometer,  28 

Daniel's,  28 
Pyrophorus,  Homberg's,  220 
Pyrophosphoric  acid,  174 
Pyrophosphates,  345 
Pyroxylic  spirit,  454 

uses  of,  454  [oj 
Pyrrhine,  122  [n] 


QUADROXALATE  of  pot  a  ma,  312 
Quadrochloride  of  nitrogen,  123 

analysis  of.  194 
Quantity  of  matter,  its  influence,  22 
$u*penne,  hia  observations  on  yeast,  611 
Qui  ma,  425. 

adulteration  of,  436 

disulphate  of,  426 

hydro-ferrocyanate  of,  426  [n] 

 — — —process  for,  435 

sulphate  of,  426 


RACEMOVINIC  ACID,  454 
Radiant  heat,  65 
Radiation  in  vacuo,  66 

theories  of,  20 
Radicals,  compound,  367 
Radical  vinegar,  226 
Ratios,  combining,  26 
Rays,  luminous,  74 

calorific,  20 

chemical,  25 

Red  fire.  336.  [n] 
^iyes,  456 

Refiner's  verditer,  352  [n] 


Reflection  of  heat,  61 

mid,  68 
Refraction,  double,  22 
of  light,  22 
of  inflammables,  72 

Reguhts  of  antimony,  285 
Rennet,  501 
Resin,  nlpha,  l£L4 
beta, 464 

Aentu,  463 

gum,  4fi6 
solvent*  mf,  163 
dissolved  by  ether,  451 
solid,  465 

Respiration,  494—  427 

consumption  of  oxygen  by,  498 
 carlxtn  produced  by,  428 

Rhodio  chlorides,  359 

Rhodium.  212 

Rhodizonic  acid,  313 

Rhombohedral  system,  12 

Rocou,  4M 

Rochelle  salt,  325 

J?onv'  d>  Lisle' s  theory,  2 

/loo**,  488 

florin,  4/tt— 464 

Aouf  e.  428  [n] 

Rum,  488 

Rumford's  experiments,  65 


SACCHAROMETER,  482 
Stiff  (y  lamp,  212 

principle  of  the,  213 

Saffron,  458 
Sago,  422 
So/  ammoniac,  353 
native,  254 

SaKcin,  426 
5a/tVa,  500 
Sa/op,  422 

Sa/f,  common,  chloride  of  sodium,  236 
Glauber's,  322 
of  lemons,  371 
of  hartshorn,  491 

Salts,  ammoniacal,  253 

atomic  composition  of,  104 
characters  of,  105 
composition  illustration  by,  25 
double,  104  ,  221 
haloid,  105.  358 
microcosm ic,  343 
neutral,  104 
orders  of,  104 
oxy,  320 

of  phosphoretted  hydrogen,  355 
saturated  solution  of  obtained,  4 
solution  of,  produces  cold, 52 
super,  121 
sulphur,  105, 355 

Sunfalin,  458  (n) 
I  Sap  green,  486 


SIL 


5f>0 


SPE 


Saratoga  water*,  iodine  in,  503 
Saturation,  3,  14 
Saturn,  naltof,  Si!! 
Sauer  kraut,  acid  iu,3>li 
Saxon  blue,  457 
Scale  of  equivalents,  512 
Scheele's  green.  215 
Sealing  wax.  464 
Sclerotium  giganteum,  3H3 
Sclerotin,  393 

Nee/  saft,  hydrochloric  acid  from,  1  v,"> 

theory  of,  116 

Secondary  action,  98 
Seebeck's  experiments,  34 
Sffrf*.  485 
Seignette's  mil,  325 
Selenic  acid.  180 
Selenious  acid,  180 
Selenite$,  180 

.S7/,, num  128 

bisulphuret  of,  221  (n)' 
equivalent  of,  179 
sources  of,  178 
oxide  of,  llil 
tinges  flame,  179 

Seleniuret  of  phosphorus,  221  (o) 
Seleniurets,  metallic,  222 
Seleniuretted  hydrogen,  212 
Seltzer  water,  349    ( ») 
Senna,  4S4. 
Sensible  heat,  53 
Serous  JZutrfs,  502 
<Sesow/erroeyanur*<  ©/  iron,  415 
Serum,  497 

■olid  matter  in,  49l> 

analysis  of,  497 

.S'ifiW  .>35  (a) 

St/ica,  122 

in  blood,  496 

obtained,  177 

properties,  1T7 

uses,  128 

Silicic  acid,  122  , 
Silico-fluorides,  2fil 
Silicon,  176 

obtained,  llti 

oxide  of,  177 

properties,  176 

terchloride  of,  135  (n) 

Silver,  alloys  of,  211 

assay  of,  208  (n) 
chloride  of,  210 
capellation  of,  808  (n) 
cyanates  of,  401 
detonating,  210 
effect  of  galvanism  on ,  95 
eliqaation  of,  309,  (n) 
fulminating,  2111 
glance,  811 
born,  210 
ores  of,  307 
oxide  of,  201) 
properties  of,  208 


Silver,  purification  of,  307 

solvent  of,  30^  332  (s) 
standard,  .vLi 
snlphaie  of  oxide  of,  329 
solphnret  of,  211 
tarnish  of,  ,',Q:: 
tree,  310 

triphosphate  of  oxide  of,  344 

Silvering  for  dialt ,  Jill 
Simple  bodies  27 
Skin,  JiU 

affects  the  air,  4S9 
Smalt,  2IQ 

Smells  removed  by  charcoal,  152 
    chlorine,  184 

Soap,  460 
I  Soda  alum,  221 
•   Soda,  bi-bornie  of," 847 

 r  new  one,  342  (•) 

bicarbonate  of,  349 

carbonate  of,  348 

distinguished,  2  >5 

liquid,  disinfecting,  348  (»| 

nitrate,  335 

powders,  885  (n) 

preparation  of,  pee  Potcsta 

properties  of,  235 

eesquicarbonate  of, ,  IJ 
I  sulphnte  of,  822 

tartrate  of,  and  potam,  32S 

triphosphate  of,  243 

water,  244  (o) 

Sodium,  234 

bromide  of,  236  (n) 

chloride  of,  226 

fluoride  of,  236  [n] 

iodide  of,  236.  [n] 

oxides  of,  2?5 

properties  of,  234 

proto-solphuret  of,  226 

protoxide  of,  235 

sesquioxide  of,  235 
Scrmering*s  experiments  on  alcohol,  ii- 
Solar  phosphori,  77 
Solders,  200 
|    Solids,  expansion  of.  32 
Solubility,  tried,  4  [n] 
j   Solution,  defined,  3 

objects  of,  3 

produces  cold,  51 

saturated,  4  [n] 

Soot,  481 

Somerville*s  experiments,  75 
Sorbic  acid,  see  Malic  acid. 
Sorrel,  salt  of.       Oxalic  acid. 
Specific  gravity,  114 

changed,  16 
caloric,  48 

of  gases,  calculated,  22 

heat,  48 
Speculum  metal,  212 
Spectrum,  soUr,  24  • 
Speiss,  270 
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Spelter, 263 
Spermaceti,  602 

oil,  303 
Spiroil.  m 
Spirit  of  urine,  4i?3 
Spin  tic  ert  fieri*  nit  rid,  153 
Spongy  platinum,  action  of  on  gases,  LIS 
 carbonic  oxide,  lfil 

Stannatet,  262 

Stark' *  experiments,  67,  20 

Starch,  obtained,  421 

test,  prepared,  200  [n] 

converted  into  sugar,  421 

in  seeds,  485 
State  of  both,*.  50 
Steam  apparatus,  56,  53 

latent  heat  of,  5j£ 

uses  of.  52 
Stearic  acid,  330 
Stearine,  502 
Stte/,  223.262 

alloyed,  2(23 

coated  with  gold.  See.  451  [it] 

tempering  of,  2ii2 
Slodartd,»  exp'lson  coaling  steel,  451  (n) 
Stra*burg  turpentine,  All!  (n) 
Stream  ttn,  265  (n) 
Strontium, 

chloride  of,  210 

iodide  of,  240  (n) 

obtained,  240 

peroxide  of,  240  (n) 

protoxide,  2311 
StronHa,  carlmnale  of,  250 

salts  of,  240 

sulphate,  324 
Strontianite,  350 
Strychnine,  132 
Sweet  epirit  of  nitre,  453 
Sublimate,  corrosive,  £04 
Sublimation  of  benzoic  acid,  381 — 382 
Sub  acetate  of  lead,  320 
Sub  carbonate  af  ammonia,  350 
Substantive,  colours,  456 
Substitutions  theory  of,  306 
Succinamide,  468 
Succinate*  326 
Succinic  acid,  325 

in  amber,  466 
Suet,  502 

Sugar,  162 

from  beets,  460 

acid  from,  324 

action  of  acids  on,  ITO 

of  grapes,  470 

of  starch,  471 

liquid,  4741 

of  lead,  323 
Sulphamide,  4'>8 
Sulphate*,  characters  of,  321 

classification  of,  322  (n) 

decomposition  of,  227 

double,  330 

■  of  po tana  and  alumina,  330 
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Sulphate,  of  alumina,  326 

of  ammonia ,',323 
of  baryta,  323 
of  cobalt,  323 
copper.  323 
iron,  326 
lime,  325 
lithia,323 
magnesia,  3"5 
mercury,  320 
nickel,  329 

oxide  of  ammonium,  323 
P'jta<sa,  322 
quinia,  -U6 
silver,  323 
.    .  aodn .  322 

stronlia,  324 
zinc,  327 

Sulphite  of  baryta,  332 

lime,  3a2 
Sulphite*.  165.  332, 
Sutpho'Cetic  acid.  148 
Sulpho-cyanic  acid,  420 
;   Suipho-hydric  ether,  452  (n) 
Sulpho-naphthalic  acid,  430 
Sulphur,  161 

acids,  355 

alcohol  of,  220 

combination  of  carbon  vfkb,  220 

  metals  with.  226 

combustion  of,  162 
contains  hydrogen,  162 
crystallized,  lkl 
equivalent  of,  162 
flowers  of,  162 
▼apour  of,  1 1 '  2 
wilts,  355 

Sulphuret  of  Ethyl,  4d2 
Sulphur e(s,  action  of  heat  on,  226 

oi  antimony,  2iI7 
arsenic,  276 
iron,  253 

nitrogen,  221  (n) 
phosphorus,  221 
platinum.  316 
silver,  311 
tin,  262 
vanadium,  231 

Sulphuretted  hydrogen.  See  Uydrotulph 

ric  acid  go*. 
Sulphuric  acid,  165 

action  on  iron,  252 

 ■  on  oxamide,  167 

analysis  of,  162 

boiling  point,  162 

ether.  448 

manufacture  of,  165 

  illustrated,  166 

-  theory,  166 

of  Nordhausen,  165 
purified,  166 

strength  of  ascertained,  162 
test  of,  168 
I  uses,  163 
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Sulphurous  acid.  16J 
analysis  of,  164 
Mi  mi- I  if*,  liii 

convertible  into  sulphuric  acid, 

liquefied,  165 
Surface,  influence  of  on  radiation,  50ii 
Sweet  oil  of  wine,  451 
Sylvius,  .-,ilt  of,  3 ' : ■ 
Symbols  chemical,  32 

IWm  /.•■  l.ii?'- .  3.5 

table  of,  34 
Sympathetic  ink,  220.  (n) 
Synthesis  aii 

Systems  of  crystallization,  Li) 


TABLES  of  affinity,  IS 

equivalent  weights  and  specific 

gravity  of  gases,  22 
freezing  mixtures,  51 
symbols,  34 
7Y/miic  arirf,  288 

artilicial,  3i!Q 
distinguished,  JB3 
varieties  of,  389 
Tonmn,  33S 
Tan  no  gelatine,  232 
Tantalum,  same  as  C aluminum,  284 
Tapioca,  42J. 
Tar,  liii 

Tartar,  cream  of,  3M 

emetic.  385 
Tartaric  acid,  3tf3 

pioperlies,  384 

a  lest,  384 
Tar/ro<«,  of  antimony  and  potassa,  3S5 

  iron  and  potassa,  '685 

■  ■  potassa,  3M4 

  potansa  and  copper.  335 

— —    and  soda,  363 

Tartrovinic  acid,  lit 
Tellurium,  ^113 

H<  ti.»n  of  nitric  acid  on,  293 
Tellurous  acid,  211A 
Temperature,  43 

ascertained,  44 

changed  by  chemical  union,  16 

  by  solution,  62 

influences  affinity,  21 

of  Hi'-  globe  equalized,  61 

of  steam,  58 
Tempering.  2b 2 
Tendons,  41A4 
Terchloride  of  gold,  314 
Ter iodide  of  nitrogen,  201 
Ttsfs  liquid,  14. 
Test  papers,  mad*,  453  (n) 
Tetarto  carbo- hydrogen,  452  (n) 
TVxfare,  effect,  uf,  H 
Thebaia,  HQ 
Theory  of  volumes,  31 
Thermometer ,  41 

differential,  46 

reduction  to  mean  height  of  the,  42[n] 


Thermometer,  self  registering,  41 

Seix's,  47,  new  viii 
Thermometer  »,  correspondence  between,  45 
Tnt'ofa  fMer,  452 
Tfnonum  acid,  L29 
Third  body,  etieet  of  a,  11 
2'Aortura,  2o0 
7'Aot  sjm,  2^0 

properties  of,  2o0 
Tin,  265 

acetate  of,  378 

alloys  of,  2<i8 

chlorides  of,  267 

crystallized,  265  [a] 

filiugs,  2d5  [n] 

foil,  2(35  In] 

oxides  of,  2b 6 

permuriate  of,  267 

properties,  2h5 

salts  of.  2i& 

sulphurels  of,  2t>7 
Tincal,  342 

Titanium,  221 

metallic,  202 

oxides  of,  2? '2 
Titanic  acid,  2til 
Titano  fluorides,  Sfil 
Tutu,  lutUam  of,  465  (n) 
Torpedoes,  310 

Torrey's  apparatus  for  nitric  ether,  453 

TVcin  oil.  503 
Triphosphates,  313 

ui  lime,  344 

magnesia,  344 

oxide  of  silver,  34 1 

soda,  343 
Tube  apparatus,  112 
Tungsten,  2a3 

chlorides  of,  284 

oxides  of,  2iiA 
Tungstates.  2£4 
7Yinjr*i»c  acid.  2il 
Tungsto  sulphurels,  353 

Turmeric.  406 

lurpentine  oil  of,  462 

tilrasburg,  L-l  [u] 

Venice,  464 
Turpeth  mineral,  329 
Tut c nag.  Ml 

UNIT,  chemical,  29 

Union  of  substances,  in  certain  proportions, 

23 

Uramil,  429 
Uramilic  acid,  430 
i/ranuim,  288 

oxides  of,  289 
Urea,  3i>9— 504 

compounds  of,  400 
Ure,s  drying  apparatus,  52  (n) 
Urets,  what.  1U3 
Uric  oxide.  AM 

acid,  504 
Urine,  504 
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Urine,  phosphate  of  ammonia  and  magnesia 
in,  34  1 

urea  from,  400 

component  parts  of,  501- 
VANADIC  ACID, '281 
Vanadium,  280 

oxides  of,  281 

sulpluirets  of,  281 
Vaporization,  &A 
Vapour $,  dilatation  of,  51 

table  of  elastic  force  of,  520 

aqueous,  517,518 

Varnishes,  461 

Varvacite,  Zj3  (n) 
Vegetable  acid*,  362 

alkali,  232 

bodies,  3ti2 

principles,  362 

  form  definite  compounds,  363 

classes  of,  363 


toil,  490 
Vegetable*,  alkalies  in,  124, 

 —  ■   ■       distinguished,  434 

decompose  water,  134 
growth  &c,  affected  by  light,  76 
decomposition  of,  490 
■  of  carbonic  acid  by,  157 

products  of  destructive  distillation  of, 
477 

principles  in,  362 

■        neutral,  467 
Venice  turpentine,  464 
Ventilation,  JJ. 
Ver atria,  437 
Verdigris,  379 

composition  of,  379  (n) 
Verditer,  352 
Verjuice,  470 
Vermilion,  2Q6 

Verrier's  process,  for  oxide  of  phosphorus, 

122  (n) 
Vinegar,  376-489 
distilled,  37'i 
Vinous  fermentation,  487 
Viscin,  175  (n) 
Vision,  H 

Vitriol,  blue,  See  Copper,  sulphate  of,  328 

green, See  Iron,  sulphate  of,  326 

white,  See  Zinc,  sulphate  of,  3-7 

oil  of,  table  of,  521 
Volatile  oils,  431 

obtained,  461 

action  of  acids  upon,  462 

quantity  afforded  by  various  seeds,  &c, 
462  (n) 
Volta's  eudiometer,  130 

pile,  &Q 

crown  of  cops,  90 
theory,  85,  22 

i  evidence  against,  83 
Voltaic  electricity,  85,  SB.  * 
circles,  85^  SB 

 without  metals,  8g 

chemical  effects  of,  96 
Davy's  experiments,  96 
effect  on  raetalt,  85 

70 


Voltaic  electricity,  Faraday's  experiments, 93 

magnetic  effects  of,  102 

new  terms,  93. 
WASH,  SSL  (n) 
Water,  action  of  on  lead,  298. 

analysis  of,  131 

  by  galvanism,  26 

 by  vegetables,  132 

apparatus  for  showing  the  composi- 
tion of,  121 

■  decomposition  of,  96, 131 
basic,  5 

composition  of,  129 

 •  illustrated,  130 

compressible,  133 
constitutional,  £ 

 removed,  5 

contains  air,  133 

of  crystallisation,  5 

decomposed  by  galvanism,  96,  131 

■  by  potassium,  231 
distilled,  132 

expands  by  cold,  13 
froxen  by  ether,  450 

  by  rapid  evaporation,  66 

gilding,  316 

hard,  325 

of  ammonia,  210 

 — -  process  for,  2JJ.  (n) 

maximum  density  of,  13 

not  essential  in  voltaic  circles,  87 

properties  of,  132 

quantity  of  gas  absorbed  by,  133  (n) 
quantity  of  denoted,  5 
Sellxer,  319  (n) 
a  slow  conductor,  65 
■oda,  319  (n) 

standard  weight  and'measureof,132(n) 

Waters,  distilled,  162   

Wax,m 

bees.  460 

cow  tree,  161 

myrtle,  161 

sealing,  404 
Weight,  2 

atomic,  30 

of  gases,  32 
Wrights  and  measures,  525 
Weiss  his  systems  of  crystals,*  16 
Wells'  experiments,  6*2 
Welther's  tube,  187  (u) 
WenzeVs  law,  22 
Wheat  flour,  411 
Whey,  501 

White  oxide  of  bismuth,  221 

flux,  333  (n) 

lead,  228 

pearl,  221 

vitriol,  322 
Wilson's  phosphorus,  22  (o) 
Wine,  488 

heavy  oil  of,  454 

light  oil  of,  152 

sweet  oil  of,  451 

odour  of,  to  what  owing,  488 
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•  This  also  answers  for  decomposing  by- 
drosulphnric  acid  gas  by  galvanism. 


GRIFFIN'S 

CHEAP   CHEMICAL  APPARATUS* 

AND  OTHER  SCIENTIFIC  COLLECTIONS,  ADAPTED  FOR  USE  IN 
SCHOOLS  AND  POLYTECHNIC  INSTITUTIONS. 


KICHARD  GRIFFIN  &  CO.  beg  to  call  the  attention  of  Expe- 
rimental Chemists  to  their  extensive  collection  of  Improved 
Chemical  Apparatus,  made  after  the  newest  and  most  useful  pat- 
terns, formed  of  the  best  materials,  and  adapted  alike  to  the  use  of 
the  Professor  of  Chemistry,  the  Student,  the  Amateur,  and  the  Manufac- 
turing Chemist.  The  Collection  comprehends  almost  every  article  of  an- 
alytical apparatus  employed  by  Berzelius,  Faraday,  Rose,  Mitscherlich, 
Liebig,  Gay  Lussac,  Dumas,  and  other  eminent  Chemists,  with  all  the 
new  instruments,  every  article  necessary  for  the  use  of  the  Blowpipe,  and 
many  that  are  adapted  to  the  performance  of  the  Experiments  at  the  Lec- 
ture Table.  Care  has  been  taken  to  procure  from  the  Continent,  those 
materials  which  are  not  produced  of  equal  quality  by  British  Manu- 
facturers, such  as  the  Porcelaiu  of  Berlin  and  Sevres,  and  the  infu- 
sible white  glass  tubes  of  Bohemia.  And  all  the  instruments  have  been 
made  with  due  attention  to  their  adaptation  one  to  another,  so  as  to  quali- 
fy them  for  use  in  many  different  operations  ;  by  which  means  the  expense 
of  a  set  of  Apparatus  for  a  systematic  course  of  experiments  has  been  les- 
sened in  a  great  degree. 
Glasgow,  Dec.  1839. 

Harvard  University,  Cambridge,  Jan.  25th,  1840. 
From  the  experience  I  have  had  with  several  of  the  instruments,  &c., 
manufactured  or  prepared  by  Messrs.  Griffin  &  Co.,  I  have  no  hesitation 
in  recommending  them  to  the  mtontion  of  chemical  students,  and  others. 

J.  W.  WEBSTER,  Erving  Prof,  of  Chemistry. 


The  following  are  a  few  of  the  articles  contained  in  the  more  complete 
catalogue,  (with  prices  annexed.)  a  few  copies  of  which  can  be  obtained  of 
Marsh,  Capen,  Lyon,  &  Webb,  No.  109,  Washington  Street,— through 
whom  orders  can  be  transmitted. 

APPARATUS  FOR  PULVERIZATION  AND  SOLUTION. 

Apparatus  for  Pulverization,  comprising  chemical,  apothecaries',  and 
other  Mortars,  of  steel,  porcelain,  agate  and  marble,  of  various  prices,  from 
Is.  to  9s.  (sterling.) 

Apparatus  for  solution  of  flint,  or  German  hard  glass,  or  porcelain, 
flasks,  lubes,  &c.,  from  Is.  to  2s. 

FURNACES,  LAMPS,  AND  SUPPORTS. 
Furnaces  of  all  descriptions,  of  stone-ware,  porcelain,  iron,  Jcc. 
Lamp  furnaces,  flasks,  cylinders,  water-baths,  &c.  from  Is.  to  8s. 
Lamps  of  all  kinds,  for  oil  or  alcohol,  from  Is.  to  13s.  6d. 
Every  variety  of  supports  for  lamps,  retorts,  tubes,  &c.  &c.,  of  wood, 
iron,  brass,  stone-ware,  &c. 
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APPARATUS  FOR  TESTING. 
Complete  sets  of  test-tubes,  of  hard  German  glass,  sealed  and  bordered. 
Pepys',  Clarke's,  and  other  test-glasses,  spoons,  rods,  &c. 
Books  of  test-papers  of  all  varieties. 

Bottles  for  acids,  Ate.  with  ground  stoppers,  with  names  in  black  ena- 
mel, on  a  white  ground,  25  sorts. 

Set  of  52  Bottles  for  Rose's  Tests,  3  and  6  oz.,  names  in  Latin,  in 
black  enamel,  100s. 

Stoneware  Bottle  for  Drugs,  wide  mouth,  2  ounce,  Is.    5  ounce,  2s. 

APPARATUS  FOR  PRECIPITATION. 

Beaker  Glasses,  (bell-shaped)  for  hot  liquors,  as  recommended  by  Ber- 
zelius,  thin  at  sides  and  bottom,  of  flint  glass,  from  8d.  to  2s. 

Set  of  nine  Beaker  Glasses,  packed  in  a  wooden  box,  lis.  6d. 

Bohemian  Beaker  Glasses,  of  hard  glass,  stronger  and  better  adapted 
for  holding  hot  liquors  than  those  of  flint  glass,  all  sizes,  one  half  higher 
in  price. 

Cylindrical  Jars  of  flint  glass,  from  4d.  to  Sd. 
Price  of  the  Set  of  four  cylindrical  jars,  2s. 

APPARATUS  FOR  FILTRATION. 

Glass  Filtering  Funnels  of  the  form  of  an  equilateral  triangle,  adapted 
to  fit  plain  filters,  six  sizes. 

Funnel  Holder,  consisting  of  china  ring,  with  rod  and  foot  of  white 
wood,  Is.    Of  polished  black  wood,  Is.  3d.  With  wooden  ring,  8d. 

Circular  Filters,  prepared  from  very  pure  paper,  which  contains  no  solu- 
ble matter,  gives  only  one  part  in  238  of  ashes,  and  filters  with  rapidity. 
Sold  in  packets  of  100  filters  each,  in  sizes  to  suit  the  foregoing  sizes  of 
funnels,  from  3d.  to  Is.  4d. 

Filter  Boxes  of  six  sizes,  corresponding  with  the  above  sizes  of  filter*, 
each  box  adapted  to  contain  100  filters.  The  boxes  are  made  of  paste- 
board covered  with  cloth,  and  the  number  of  the  funnel  and  filter  is  letter- 
ed in  gold,  both  on  the  front  and  the  lid  of  each  box  : — 3d.  to  Is. 

Price  of  a  Set  of  six  Funnels  with  best  funnel  holder,  and  a  set  of  six 
boxes,  each  with  100  filters,  12s.  Sd. 

Berzelius's  Washing  Bottle,  with  tube,  for  the  edulcoration  of  precipi- 
tates, by  a  fine  but  strong  current  of  water,  6  ounce,  Is. 

Glass  Washing  Bottle,  6  oz.,  with  an  albata  tube,  so  contrived  as  to 
dispense  with  a  connecting  cork,  and  thus  obviate  the  occasional  stopping 
of  the  tube  by  fragments  of  cork,  6d. 

Washing  Bottle,  fitted  with  handle  for  use  with  hot  water  or  saline  so- 
lutions, 6  oz.,  glass,  oval  form,  with  tube,  complete,  3s. 

Berzelius's  Tube  for  supplying  a  continual  current  of  pure  water  to 
wash  precipitates,  3d. 

EVAPORATION  AND  CRYSTALLIZATION. 
Evaporating  Capsules  of  Berlin  Porcelain,  with  spreading  edge,  glazed 
throughout.     A  few  of  these  basins  have  no  spreading  edge,  but  are  pro- 
vided with  a  spout.    At  present,  j  however,  they  no  longer  make  them 
at  Berlin  with  a  spout.    6d.  to  2s. 
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Evaporating  and  Crystallizing  Capsules  of  salt  glazed  stoneware,  made 
very  thin  at  the  bottom  and  with  spreading  edge.  Can  be  heated  over 
hot  sand,  or  over  the  spirit  lamp ;  useful  for  crystallizing.  2d.  to  Is. 

Berlin  Porcelain  Evaporating  Basins. 

Stoneware  Evaporating  Basins  with  spreading  edge. 

Berlin  Porcelain  Capsule,  with  handle  and  spout. 

Berlin  Porcelain  Water  Bath,  employed  to  dry  powders,  &c.— -can  bo 
used  over  the  lamp  furnace. 

3erlin  Porcelain  Cups  of  thin  substance,  glazed,  for  evaporation  to  dry- 
ness, ignition,  and  weighing. 

Berlin  Porcelain  Shallow  Plates,  for  evaporation,  intended  to  replace 
watch  glasses,  glazed. 

Platinum  Capsule,  with  spout  and  handle,  1  inch  diameter,  one-third 
inch  deep,  7s.  6d. 

Platinum  Capsule,  1  1-2  inch  wide,  three-lOths  inch  deep. 

Ditto,  with  overhanging  edge,  1  1-4  and  2  inch  diameter, 

Platinum  Hemispherical  Cup,  with  handle,  1-2  inch  in  diameter,  2s. 

Platinum  Stirrer,  or  Spatula,  for  the  small  capsules,  round  wire,  1  1-2 
inch  long,  one-20ih  inch  thick,  2s. 

Platinum  Spatula,  flattened  wire,  one-8th  inch  broad,  one-20th  inch 
thick,  2  inches  long. 

Platinum  Spatulas  of  a  larger  size. 

IGNITION. 

Berlin  Porcelain  Crucibles,  glazed,  conical  and  cylindrical  form,  with 
cover. 

Berlin  Porcelain  Biscuit  Crucibles,  for  fusing  nitrate  of  silver,  &c.,  with 
perforated  cover  to  allow  the  escape  of  gases. 

Platinum  Crucibles,  London  made,  without  cover,  one-half  inch  deep, 
from  5s.  to  12s. 

Platinum  Crucible,  with  cover,  1  inch  deep,  15s.  to  25s. 

Berlin  Porcelain  Cups,  which  serve  the  purpose  of  small  crucibles,  for 
igniting  precipitates,  fusing  chloride  of  silver,  &c,  glazed,  3d. 

SUBLIMATION. 
Hard  colorless  German  Glass  Tubes,  free  from  lead,  for  the  reduction 
of  arsenical  compounds,  Sec.    With  bulb,  straight,  pointed,  open  at  both 
ends. 


BLOWPIPE  APPARATUS  OF  ALL  FORMS  AND  VARIETIES 
WJTH  ALL  REQUISITE  APPARATUS  FOR  USE. 
Price  of  the  Blowpipe  Apparatus,  complete,  42s. 

DISTILLATION. 
Hard  German  Glass  Retorts :  made  from  tubes  for  delicate  experiments, 
lOd.  to  Is.  6d. 

Hard  German  Glass  Retorts,  stoppered,  from  Is.  6d.  to  3s. 

Berlin  Porcelain  Retorts,  glazed  within,  biscuit  without,  3s.  to  10s.  6d. 

  • 

APPARATUS  FOR  GASES. 
Gas  Bottle,  oval  form,  with  turned  lip,  long  funnel,  two  bent  tubes,  and 
caoutchouc  connector,  3s.  6d.    Not'fitted  up,  Is.  4d. 
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Clark's  Gas  Bottle,  for  testing  with  sulphuretted  hydrogen  gas,  and  for 
preparing  hydrogen,  carbonic  acid,  and  other  gases,  3s. 

Woulfe's  Bottle,  with  two  necks,  salt-glazed  stoneware,  pint,  Is. 

The  same,  fitted  with  diagonal  tube  for  the  preparation  of  hydrogen  gns„ 
carbonic  acid  gas,  sulphuretted  hydrogen  gas,  &.c,  Is.  6d. 

Stoneware  Gas  Bottle,  with  bent  neck,  10oz.,  without  funnel,  for  the 
same  uses  as  Clark's  bottle,  Is. 

Stoneware  Gas  Holder,  11-2  gallon,  with  funnel,  flexible  pipe,  and 
coupling  screws,  complete,  8s.  6d. 

Ditto,  2  gallons,  complete,  10s. 

Stoneware  Pneumatic  Trough,  circular, 11  inches  by  5  inches,  with  bee- 
hive shelf,  for  supporting  jars,  and  conveying  the  gas  into  them,  2s. 

Stoneware  Trays  for  removing  jars  from  the  trough  when  filled  with 
gas,  4  l-2d 

Complete  Set  of  Apparatus  for  collecting  and  experimenting  upon 
gases,  14s.  4£d. 

Japanned  tin  plate  Pneumatic  Trough,  upon  an  improved  construction, 
for  jars  of  60  cubical  inches,  with  sliding  shelf  and  tray,  4s. 

Pneumatic  Trough  for  Tubes,  in  a  single  piece  of  stone,  intended  for 
either  water  or  mercury,  and  requiring  less  than  4  lbs.  of  the  latter  to 
work  it.  Takes  in  tubes  6  inches  long,  1-2  inch  internal  diameter,  with 
a  space  for  passing  solutions,  by  means  of  a  smaller  tube,  into  gases  orer 
mercury.  Has  a  beehive  shelf  for  supporting  the  tubes  while  filling  with 
gas,  Is.  6d. 

Berlin  Porcelain  Trays,  1  l-2d. 

Mercury  Pot,  with  cover  and  spout  in  one  piece,  6  inches  high,  3  inches 
wide,  with  name  in  black  enamel,  4s. 

Tubes,  glazed,  for  containing  substances  subjected  to  gases  at  a  higu 
temperature. 

Hard  Glass  Tubes  for  the  reduction  of  metals  by  ignition  in  gases. 
Cooper's  Mercurial  Receiver,  12  inch,  graduated,  6s.  6d. 

WEIGHING  AND  MEASURING  INSTRUMENTS. 


GLASS  BLOWING  APPARATUS. 

Water  pressure  Blowpipe,  with  stoneware  double  cistern  in  one  piece, 
and  bellows  to  supply  air ;  fitted  on  a  frame  with  treadle,  spring,  air  pipes, 
and  nozzles. 

Glass  Blower's  Lamp,  complete,  tin  plate. 

Ditto,  superior,  after  Danger's  pattern,  with  hood  to  condense  thesmoks. 
tin  plate 

MISCELLANEOUS  APPARATUS. 

Sheet  Caoutchouc,  for  making  Elastic  Tubes,  6d.  Connectors,  2s. 

Hydrogen  Gas  Lamp,  for  the  instantaneous  production  of  light  by  ibr 
action  of  hydrogen  gas  upon  platinum,  stoneware. 

Siliceous  Varnish,  to  render  paper  incombustible,  3s. 

Young's  improved  Voltaic  Battery  for  the  decomposition  of  water  and 
of  saline  solutions,  for  the  combustion  of  metals,  and  the  production  of 
electro-magnetic  phenomena,  in  a  stoneware  trough,  20s. 
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Estimates  for  Sets  of  Chemical  Apparatus,  of  Various  Extent,  Se- 
lected from  the  Catalogue. 
The  Estimates  present  what  appear  to  be  articles  of  most  general  use. 
Set  I. —  1  £  Is. — For  Small  Preparations,  Elementary  Testing,  etc. 
Set  II. — £1  Is.  For  Experimenting  upon  Gases 

Set  III. — £2  2s. — Complete  set  of  Apparatus  for  Analysis  by  the 
blowpipe. 

Set  IV. — £12  12s. — Containing  a  complete  set  of  Apparatus  for  Ele- 
mentary Experiments  on  Gases  ;  for  Demonstrating  the  Properties  of  the 
Principal  Chemical  Substances ;  for  Liquid  Testing ;  and  for  Blowpipe 
Analysis. 

Set  V. — £10  10s. — The  same  as  Set  IV,  with  the  omission  of  the 
Blowpipe  Apparatus. 

Set  VII.— £3  3s.— This  set  includes  a  Selection  from  the  Apparatus 
for  Blowpipe  Analysis  and  for  Experiments  upon  Gases. 

Models  of  Crystals  for  Students  and  Teachers  of  Crystallography, 
very  neatly  made  of  pasteboard,  and  varnished.  Price  16s.  the  set  of  23 
varieties  ;  and  60s.  the  set  of  100,  including  77  varieties  of  secondary 

form.   

EDE'S  PORTABLE  LABORATORIES. 

R.  B.  Ede's  Youth's  Laboratory  ;  or,  Chemical  Amusement  Box,  con- 
taining 40  Chemical  Preparations  and  Appropriate  Apparatus  for  the  per- 
formance of  Experiments.    Price  16s. 

Ede's  Chemical  Portable  Laboratory,  containing  above  90  select 
and  useful  Tests,  Re-agents,  and  appropriate  Apparatus,  for  a  course  of 
instructive  and  entertaining  Experiments.    Price  £1  lis. 

The  same  Laboratory,  fitted  up  with  Stoppered  Bottles,  Glass  Spirit 
Lamp,  Lock  and  Key,  and  French  Polished.    Price  £2  2s. 

Ede's  Chemical  Cabinet,  or  Amateur's  Laboratory  ;  consisting  of 
more  than  130  select  Chemical  Preparations  and  newly-invented  Appara- 
tus ;  for  performing  Experiments  both  of  demonstration  and  research, 
with  ease,  safety,  and  success.    £6.  9s. 

The  same  Cabinet  is  fitted  up  with  extra  Apparatus,  and  finished  in  a 
superior  and  more  substantial  manner,  with  brass  name  plate,  sunk  han- 
dles, corners,  &c,  suitable  for  travelling.    Price  £7  10s. 

A  Complete  Assortment  of  Chemical  Re-agents,  mostly  prepared 
in  Germany,  and  all  in  a  state  of  purity.  Also  a  variety  of  Rare 
Chemical  Products,  and  such  other  Prepartions  or  Mineral  Substances 
as  are  requisite  for  the  prosecution  of  Chemical  Researches.  Students 
or  Teachers  may  be  supplied  with  these  Re-agents  either  in  sets  or  single 
articles.    The  prices  will  be  moderate. 

Many  new  and  useful  articles  uuJ  several  instruments  which  have 
been  recently  improved  in  construction,  embracing,  in  particular,  a  large 
assortment  of  Tube  Apparatus  for  Analytical  Chemistry,  made  of  hard 
white  German  Glass,  by  first-rate  German  workmen,  after  the  most  ap- 
proved patterns  of  Berzelius,  Faraday,  Rose,  Mitscherlich,  Liebig,  Griffin, 
4&c.  The  Annealing,  Stoppering,  and  Graduating  of  these  instruments 
has  been  done  in  the  best  manner. 

Masters  of  Seminaries,  in  which  Experimental  Science  and  Natural  His- 
tory are  taught,  will  find  tbese  catalogues  to  be  well  worth  their  attention. 
The  articles  which  they  describe  are  of  a  useful  kind,  adapted  to  the  pres- 
ent state  of  the  different  sciences,  and  charged  at  moderate  prices. 
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ELECTRO-MAGNETISM. 
Nobili's  Compendious  Electro-magnetic  Apparatus,  comprising  a  varie- 
ty of  instruments  for  performing  the  fundamental  experiments  of  this  sci- 
ence, in  a  mahogany  box,  £6  6s. 

FURNACES. 

A  Stoneware  Table  Furnace,  for  Evaporation  by  a  charcoal  fire,  will 
shortly  be  ready  for  sale.  " 

Sefstroem's  Blast  Furnace,  on  a  small  scale,  to  be  used  with  coke,  in 
preparation. 

Also  the  celebrated  portable  Iron  Furnaces,  manufactured  by  Luhme, 
of  Berlin,  at  from  2  guineas  to  6  guineas  each. 

GAS  APPARATUS. 

Gahn's  Cylinder  Holder  in  wood,  as  described  by  Berzelius,  7s. 

Gahn's  Hand,  polished  boxwood,  for  lifting  small  pans,  &,c,  4s. 

Gay  Lussac's  Retort  Holder,  large  size,  wood,  6s. 

Gay  Lussac's  Decanting  Tube,  with  long  spout,  used  in  the  analysis  of 
alkalies,  &c,  11  inches  by  4-5lhs  inch,  2s.  6d. 

Glass  Bulbs,  with  hooks  for  suspending  Anatomical  Preparations  in 
Spirits  of  Wine,  1-2  inch  to  1  1-2  inch,  3d,  each. 

Glass  Cone  for  producing  a  rainbow  when  held  in  the  sun,  or  against 
an  opening  in  a  window-shutter,  2  inch,  2s.  6d. 


GRADUATED  GLASS  TUBES. 
Eudiometer,  with  Platinum  wires  soldered  into  it,  tube  14  to  17  inch- 
es long  by  3-4ths  inch  wide,  graduated  in  lOOths  of  a  Paris  cubic  inch, 
8s.  6d. 

Otto's  Acetimeter,  for  testing  the  strength  of  acetic  acid  by  solution  of 
litmus,  100  divisions  above  the  mark  for  the  normal  acid,  tube  13  inches 
by  3-4ths  inch,  9s. 

Descroizille's  Alkalimeter,  100  divisions'  tube  12  by  1  inch,  9s. 

Descroizille's  Acetimeter,  100  divisions,  tube  12  by  1  inch,  9s. 

Descroizille's  Bertholimeter,  for  testing  the  strength  of  bleaching  powder. 
9s. 

Griffin's  Stoneware  Lamp  Furnace. 


HYDROMETERS. 

Hydrometer  for  taking  the  specific  gravity  of  liquids  from  100°=water, 
up  to  200°.  Another  Hydrometer  ranging  from  100°  down  to  65°  each 
provided  with  a  cylinder  for  holding  the  liquid  to  be  tried,  and  with  a 
packing  case.  Price  of  the  pair,  20s.  This  Hydrometer  shows  the  spe- 
cific gravity  of  all  liquids,  from  alcohol  to  oil  of  vitriol,  by  a  simple  direct 
operation,  free  from  calculation. 

Hydrometer  consisting  of  two  cylindrical  Spindles,  larger  than  the 
foregoing,  range  from  0.70  to  2.00,  with  cylinder  for  the  solutions  to  be 
tried,  and  a  Chemical  Thermometer  for  taking  the  temperature,  in  a  pol- 
ished mahogany  box,  lined  with  leather,  19  inches  long,  31s.  6d. 
♦  Hydrometer  after  Baume,  one  spindle  for  light  liquids,  range  from  10° 
to  80°,  another  Spindle  for  heavy  liquids,  from  0°  to  80°,  with  a  tube  on 
foot  for  the  solutions  to  be  tried,  and  a  Chemical  Thermometer,  in  a  polish- 
ed mahogany  box,  31s.  6d. 
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Kerr's  Tube  for  Collecting  and  Examining  Gases,  disengaged  by  the  ac- 
tion of  a  liquid  upon  a  solid,  German  Glass,  made  in  a  very  superior  style. 

LIEBIG'S  APPARATUS  FOR  ORGANIC  ANALYSIS. 

Madejexactly  after  patierns  reeeived  from  Professor  Liebig. 

Long  Tube  of  hard  white  Bohemian  Glass,  with  bent  point,  being  the 
tube  in  which  the  organic  substance  is  to  be  ignited  with  oxide  of  copper. 

Light  tube  with  bulb  for  containing  chloride  of  calcium  to  absorb  the 
water  produced. 

Glass  apparatus  with  five  bulbs,  for  containing  solution  of  potash  to  ab- 
sorb the  carbonic  acid,  made  very  light,  and  exactly  after  Liebig's  pattern. 

A  Glass  Cylinder,  containing  ten  cubic  inches,  graduated  into  tenths  of 
an  inch,  for  collecting  azote. 

A  long  chloride  of  calcium  tube,  to  use  in  drying  substances  with  the 
air  pump. 

A  bulb  tube  for  containing  the  hot  oxide  of  copper. 

A  long  tube  with  a  bent  neck,  employed  in  saturating  any  solution  with 
a  gas,  as  alcohol  with  chlorine,  &c.  N.  B.  This  tube  is  extremely  useful 
in  many  operation  of  Inorganic  Analysis,  where  a  small  quantity  of  the 
solution  of  gas  has  to  be  prepared. 

Iron  Furnace,  for  Organic  Analysis. 

Marsh's  Tube  Apparatus  for  the  detection  of  arsenic  in  solutions ;  with- 
mahogany  support,  and  brass  stop-cock,  8s. 

Ditto,  the  glass  tube  alone  18  inch  by  3-4ths  inch,  U  form,  in  a  box,  3s. 

Models  of  Crystals,  accurately  imitated  from  perfect  natural  crystals,  2 
to  4  inches  long,  executed  in  cream-coloured  biscuit  stoneware,  which  can 
be  written  upon  with  a  pen,  or  black-lead  pencil: — 120  in  a  box,  for  63s. 
60  in  a  box  for  31s.     Single  models,  9s.  each. 

Models  of  Crystals,  34,  cut  in  wood,  1-2  inch  long,  German,  per  set, 
21s.   

Thin  capsules,  supported  by  a  slight  pair  of  iron  or  platinum-pointed 
tongs,  found  to  answer  all  the  purposes,  and  to  be  cheaper  and  more  con- 
venient than  platinum  spoons. 

Sommering's  newly  invented  Camera  Lucida,  for  the  use  of  artists,  10s. 
Large  Lamp  of  the  same  form,  Japanned  tin-plate,  12s. 

NEW  SUPPORTS. 
Berzelius's  Table-shaped  Supporter,  with  sliding  rod  and  screw,  upon 
which  a  lamp,  or  lamp  furnace  can  be  raised  and  firmly  supported  at  any 
elevation  from  ten  to  twenty  inches  above  the  work-table,  black  wood,  var- 
nished, 3s. 

Improved  Sefstrom's  Holder,  on  a  support  two  feet  high,  which  unscrews 
for  travelling,  black  wood,  varnished,  boxwood  screws,  7s. 

Berzelius's  Funnel  Support,  large  size,  rod  two  feel  high,  unscrews  for 
travelling,  black  wood,  varnished,  4s.  6d. 

Sefstroem's  press  for  supporting  condensers,  retorts,  etc.  4s. 

Gahn's  Cylinder  Holder,  for  gaseous  manipulation,  2s.  6d. 
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THERMOMETERS. 
These  thermometers  are  all  made  by  experienced  German  workmen, 
and  will  be  found  to  be  of  excellent  quality.    In  the  whole  of  them  the 
mercurial  lubes  are  of  flat  bore,  which  renders  the  position  of  the  meroury 
more  distinct. 

Chemical  Thermometer,  with  Scale  in  enamel  colours,  on  milk  glass, 
up  to  600c  Fahrenheit,  sealed  in  a  glass  tube,  16s.  6d.  in  a  case. 

FRENCH  WEIGHTS. 

Box  containing  from  2  decagrammes  to  1  milligramme  in  brass,  accu- 
rately adjusted,  10s. 

Box  containing  from  1  decagramme  to  1  gramme  in  German  silver,  and 
from  5  decagrammes  to  1  milligramme  in  platinum,  24s. 

Apparatus  adapted  for  the  analysis  of  soils,  stones,  ores,  and  of  chemi- 
cal preparations  in  general. 

In  preparation,  a  set  of  apparatus  adapted  to  the  performance  of  Class 
Experiments,  and  intended  for  the  use  of  Mechanics'  Institutions,  where  it 
is  customary  to  have  occasional  courses  of  Twelve  Popular  Lectures  on 
Chemistry.  It  is  proposed  that  this  set  shall  contain  apparatus  to  supply 
sufficient  experimental  illustration  for  such  a  Course,  and  that  the  price  of 
it  shall  be  from  £20  to  £30. 


The  Catalogue  of  Chemical  re-agents  embraces  nearly  every  prepara- 
tion required,  by  a  Teacher  to  enable  him  to  demonstrate  the  leading  prin- 
ciples of  Chemistry,  and  the  properties  of  the  most  important  substances; 
by  a  Student,  to  enable  him  to  repeat  the  Experiments  that  he  witnesses 
at  Lectures,  or  finds  described  in  books;  and  by  an  Analyst,  to  enable 
him  to  execute  the  Analysis  of  Minerals,  Salts,  Mineral  Waters,  Poisons, 
etc. 

Most  of  these  substances  have  been  mauufacturcd  by  experienced  Chem- 
ists in  Germany.  Those  marked  Pure  have  been  expressly  prepared  for 
Chemical  Analysis.  Those  marked  Commercial  have  been  manufactur- 
ed in  the  large  way,  and  on  the  most  approved  methods,  for  the  use  in  the 
Arts.  Many  of  these  are  chemically  pure,  and  the  impurities  in  others 
are  quite  unimportant  as  respects  the  operations  in  which  the  substances 
are  likely  to  be  employed. 

The  preparations  are  all  sealed  up  in  bottles,  to  prevent  their  contamin- 
ation and  to  carry  them  safely  to  distant  places,  and  to  any  climate.  They 
are  all  distinguished  by  printed  Labels,  so  that  they  can  be  used  to  retain 
the  re-agents  when  in  the  Laboratory.  The  bottles  are  of  a  round  shape, 
short  and  wide,  for  convenient  use. 

Pure  Prepared  Re- Agents.  These  only  require  to  be  dissolved  in  dis- 
tilled water,  to  be  fit  for  use. 

Bottles  for  Test  Solutions,  with  Indelible  Inscriptions,  about  thirty  sorts, 
3  oz.,  each  2s.  6d. 

Chemical  Labels,  for  fixing  to  Laboratory  Bottles,  three  hundred  and 
twenty  in  number. 
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